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(54) Plasma proceasing apparatus fpr radiating microwave from rectangular waveguide 
through long elot to plasma channber 

(57) In a plasma processing apparatus including a 
plasma dnamber (7) having a narrow window, and a rec- 
tangular waveguide (18) for coupling with the plasma 
cliambsr, the rectangular waveguide has a long slot dis< 
posed in an E-plane (1 8a) thereol so as to oppose to the 
narrow window of the plasma chamber and to extend 
along a waveguide-axis direction of the rectangular 
waveguide. There is further provided at least two long 
slots (18b,18c) disposed in al least one rectangular 
waveguide, and the longitudinal length of the each long 
slot is set to 1/2 or nnore of a tree-space wavelength of 
the microwave. Further., the bng slots are diepoeed eo 
as to be parallel to each other such that adjacent the ksng 
slots are shifted from each other by (2n-1 )/4 of the 
free-space wavelength of the microwave in the 
waveguide-axis direction of the rectangular waveguide, 
where n Is a natural number. 
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DDocrlptlon 

ThB present invention relates to a plasma process- 
ing apparatus, and In particular, to a plasma processing 
apparatus for radiating a microwave from at least one S 
rectangular waveguide through at least one long slot to 
a plasn\a chamber, the above-mentioned plasma 
processing apparatus being provided for, uniformly and 
at a high speed, performing a plasma processing, such 
as thin film formation, surface refining, etching or the like, 
toward an object to be processed having a large area. 

In recent years, plasma systems utilizing micro- 
waves have been usedfor a processing, such as etching, 
ashing, GVD or the like, In processes ta manutacturing 
semiconductors. LCDs or the like. Fig. 40 is a plan view 
showing a general construction of a prior art plasma 
processing apparatus which is diecloeed in the Japanese 
Patent LakJ-Open Publk^Ikm No. 5-335095, and Fig. 41 
isacross-sectlonalvlewtakenalongallnei -I'of Fig. 40. 

Referring to Figs. 40 and 41, this prror art plasma 
processing apparatus comprises: 



er periphery of the projection 7b, arxi a narrow rectan- 
gular window 7c Is formed on the rectangular waveguide 
8 skie of the pnojectbn 7b so as to extend akxig the 
wavegulde-axis dlrectk>n of the rectangular wavegukto 
8. The window 7c is sealed under vacuum by a mtero- 
wave transmitting window 1 1 made of a silica glass plate, 
and then, the plasma chamber 7 is sealed under vacu- 
um. FurthemriorB, in the plasma chamber 7, an exhaust 
port 7d Is tormed and connected to a vacuum pump (not 
shown), and a gas introducing pipe 12 for introducing a 
process gas Into the plasma chamber 7 Is attached to 
one wall of the plasma chamber 7 so as to penetrate or 
pass through the wall of the plasma chamber 7 in a Irtlght 
lashton. Within the plasma chamber 7. there are provid- 
ed the folbwings: 

(a) a roll 14 around which the sheet-shaped object 
13 to be processed is wound; and 

(b) a wind-up roll 15 for winding up the object 13, 
whk:h has been connpletely processed. 



75 



(a) a mtoiowave power supply 1 lor generating a 
mkxowave; 

(b) an Isolator 2; 

(c) a corner rectangular wavegukte 3; 

(d) a directional coupler 4; 

(e) an automatic impedance matching device 5 tor 
automatk:ally setting a predetemnined Inr^pedance; 

(1) a comer rectangular wavegukle 6; 

(g) a rectangular waveguide 8 for coupling with a 
rectangular-paralleloplped-shaped plasnna cham- 
ber 7 wherein the plasma chamber 7 is attached 
onto a wall surface (hereinafter, referred to as an 
E-plane) of the rectangular waveguide 6 parallel to 
an electric fleW vector of the microwave propagating 
In the waveguide 6; and 

(h) a temnlnating unit 9, 

wherein those components 1 to 9 are connected to 
one another in series. In this arrangement, the plasma 
chamber 7 is provided for plasma processing of a 
sheet-shaped object 1 3 to be processed. 

In the plasma chamber 7, as shown in Fig. 41 , a long 
projection 7b for conrvnunicating with the Inside of the 
plasma chamber 7 is provided on a ekJe wall 7a of the 
plasma chamber 7 formed on the rectangular waveguide 
8 Me of the plasma chamber 7, and the projectton 7b is 
opposed to one E-plane 6a of the rectangular wavegukie 
8. In the projedton 7b, an electromagnet 10 used as first 
magnetic-fieki generating means is provkied on the out- 



whereh the rolls 14 and 1 5 are placed opposite to 
each other such that the object 13 to be processed is 

^ placed so that the front surface of the object 13opposes 
to the window 7c. 

in the rectangular waveguides provided for coupling 
with the plasma chamber 7, long slots or longitudinal 
slots 8b and 8c are formed in the E-plane 8a of the rec- 

30 tangular waveguMe 8 so as to extend In the 
wavegulde-axis directkjn of the rectangular waveguide 
8. Each of these bng slots 8b and 8c has a length sub- 
stantially equal to the bngltudinal length of the window 
7c of the plasma chamber 7, however, the wkJth of each 

35 of the long slots 8b and 8c is set to a value shorter than 
the wkith of the window 7c. The rectangular waveguide 
8 is electrically connected to the plasma chamber 7 with 
the \ong slots 8b and 8c so as to oppose to the window 
7c of the plasma chamber 7. 

40 In the plasma processing apparatus with the 
above-mentkxied constitution, a microwave generated 
by the microwave power supply 1 Is introduced or radi- 
ated Into the rectangular wavegukJe 8 through the Isola- 
tor 2, the corner rectangular wavegukie 3, the directional 

45 coupler 4, the automata Impedance matching devtee 5, 
and the corner rectangular waveguide 6. Then, the mi- 
crowave is radiated or projected into the plasma cham- 
ber 7 from the kxig stots 8b and 8c through the window 
7c. 

^ Between the plasma chamber 7 and the rectangular 
waveguide 8, a permanent magnet 1 0c used as a second 
magnette-tletel generating means Is disposed at a wWth- 
wise center portion of the E-pIane 8a abng the long slots 
8b and 8c. Furthermore, a redangular-cyllndrl- 

S5 cal-shaped mkmwave waveguide forming member 16 
made of aluminum, copper, stainless, orthe like is placed 
tongltudlnally around the permanent magnet 10c so as 
to support the pemnanent magnet 10c and moreover to 
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form microwave waveguides B. The microwave 
waveguide forming member 16istbcedb6lweentheplaS' 
ma chamber 7 and the rectangular waveguides 1 6a and 
16a' by appropriate means. 

The terminating un it 9 is provided with a m ic rowave 5 
absorber for absorbing excess microwave which have 
not been supplied into the plasma chamber 7 side, 
wherein water is used as the microwave absorber in this 
case. The excess microwave which has not propagated 
to the plasma chamber 7 are absorbed by water intro- io 
duced through an Inlet port 9a, and the water heated by 
the microwave is drained through a drain port 9b. 

In order to carry out the plasma processing with the 
above plasma processing apparatus, the object 1 3 to be 
processed is provided and set in the plasma chamber 7, 75 
and then, the Interior of the plasma chamber 7 Is evap- 
orated to a high vacuum. Thareatter, a predetermined 
process gas is supplied through the gas Introducing pipe 
1 2 Into the plasma chamber 7 until the plasma chamber 
interior is pressurized to a predetermined pressure. In 20 
this state, when the microwave Is supplied from the mi- 
crowave power supply 1 through the isolator 2, the cor- 
ner rectangular waveguide 3, the directional coupler 4, 
the automatic impedance matching device 5, and the 
comer waveguide 6 to one end of the rectar)gular ^ 
waveguide 8, then the microwave which enters Into the 
rectangular waveguide 8 is radiated from the long slots 
8b and 8c, and propagates into the plasma chamber 7 
through the window 7c of the plasma chamber 7. There- 
after, the microwave ^cltes the process gas within the ^ 
plasma chamber 7 into the ptesma, then a strip-shaped 
plasma is generated along the window 7c of the plasma 
chamber 7. Under radiation of this plasma, the object 1 3 
tobeprocessedis wound and moved by the roll 15. Thus, 
the processing in a larger area can be implemented In ^ 
continuous fashion onto the object 1 3. 

In particular, since a magnetic field is developed in 
a space between the window 7c of the plasma chamber 
7 and the object 1 3 to be processed by provision of the 
pennanent magnet 10c used as the second magnet- <o 
ic-field generating means, electrons in the plasma are 
put into a spiral movement under a force by the magnetic 
field. As a result, the process gas is accelenatedly ion- 
ized, so that the density of plasma radiated onto the ob- 
ject 13 to be processed Is enhanced. Further, If the in- 
tensity of the magnetic field to be generated by the mag- 
netic-field generating means Is so set as to develop elec- 
tron cyclotron resonance in the space, then the plasma 
density can be enhanced at a high speed. 

Further, by providing the electromagnet 1 0. which ie so 
divergent magnetic field generating means for forming a 
dh/ergent magnetic field, In such a way that the 
above-mentioned nnagnetic field is directed toward the 
plasma chamber 7 In a widthwise center portion of the 
window 7c of the plasma chamber 7, the plasma can be 
radiated to the object 13 to be processed, with a high 
efficiency and besides the plasma density can be en- 
hanced at a higher speed, it is well known to those skilled 
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in the art that a plasma can be generated without provid- 
ing the eledronnagnet 1 0, which is the first magnetk:-f ield 
generating means, and the permanent magnet 10c, 
which Is the second magnelk:-field generating mearis. 

In the prior art plasma processing apparatus, due to 
the tact that the microwave propagates In an Inclined or 
skew direction while being repeatedly reflected by the 
intemal side wall of the rectangular waveguide 8, the mi- 
crowave radiated from the tong slot 8b having a length 
AB into the plasma chamber 7 propagates in such a lash- 
ion as to be skewed toward one side of the plasmacham- 
ber 7, as shown by microwaves W1 , W2 and W3 in Fig. 
42 showing a cross-sectional view taken along a line T3 
- T3' of Fig. 40. The resulting electric fiekJ intensity is 
non-uniform along the longitudinal directkxi of the plas- 
ma chamber 7, as shown in Fig. 43. 

Further, an electric field of the microwave radiated 
into the plasma chamber 7 from the bng stot 8b of length. 
'XB provided in the rectangular waveguide 8 have peaks 
and valleys of standing waves due to reflected waves 
generated with the tong starts 8a and 8b provWed, regard- 
less of the fact that the termir^ating unit 9 is provided com- 
prising the microwave absori^er. The resulting electric 
field intensity is of a non-uniform distributbn having 
peaks and valleys as shown in Fig. 43. Accordingly, there 
Is such a disadvantage that the distribution of the plasma 
generated is non-unrfomn, such that plasma processing 
couM rx3ft-be attained over larger areas of the object 1 3 
to be proce&sed. 

Further, among the microwave power inputted to the 
rectanguter waveguide 8, the power whtah has not been 
radiated to the plasma chamber 7 from the long slot 8b 
passes through the rectangular waveguide 8 Is con- 
sumed by the microwave absorber of the terminating unit 
9, and therefore, this results In power loss. Accordingly, 
there is such a further disadvantage that the use efficien- 
cy of the microwave power is relatively poor and the den- 
sity of the generated plasma is relatively low. 

It would be desirable to be able to provide a plasma 
processing apparatus capable of performing plasma 
processing over a larger area of an object to be proc- 
essed. 

It would also be desirable to provide a plasma 
processing apparatus capable of improving the use effi- 
ciency of the mk:rowBve power as compared with that of 
the prbr art apparatus. 

According to a first aspect of the present inventkjn, 
there is provided a plasma processing apparatus com- 
prising: 

a plasma chamber having a narrow windowfonmed 
in a side wall thereof, an object to be processed being 
provided inside said narrow window; 

a rectangular waveguide for coupling with said 
plasma chamber, said rectangular waveguide having a 
long stot disposed In an E-ptane thereof so as to oppose 
to said narrow wir>dow of saki plasma chamber and to 
extend along a waveguide-axis directton of saki rectan- 
gular waveguKle. saki rectangular wavegukie being pro- 
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vided 80 that the waveguide^is dIrBCtion of said rec- 
tangular waveguide ie parallel to a longitudinal direction 
of said narrow window of said plasma chamber; and 

microwave power supply means tor supplying a mi- 
crowave to eald rectangular waveguide. 

wherein the microwave is radiated from said rec- 
tangular waveguide to said plasma chamber through 
said long slot, 

said plasma processing apparatus being charac- 
terized in further comprising: 

at least two said long slots disposed in at least one 
said rectangular waveguide; 

wherein the longitudinal length o1 said each long 
slot is set to 1/2 or more of a free-space wavelength of 
the microwave; and 

wherein said long slots are disposed so as to be 
parailel to each other such that adjacent said long slots 
are shiftedtrom each other by (2n-iy4 of thelree-space 
wavelength of the microwave in the waveguide-axis di- 
rection of said rectangular waveguide, where n is a nat- 
ural number. 

The above-mentioned plasma processing appara- 
tus may comprise: 

at least two said rectangular waveguides each hav- 
ing at least one said long slot; and 

further microwave power supply means for supply- 
ing a microwave to another one of said rectangular 
waveguides in a direction diflerent from the direction of 
one of said rectangular waveguides adjacent to another 
one of said rectangular waveguides. 

Inihe above-mentioned plasma processing appara- 
tus, each of said long slots may be a slot array composed 
of a plurality of sub-slots disposed by equally dividing 
said long slot in the waveguide-axis direction o1 said rec- 
tangular waveguide, 

said plasma processing apparatus further compris- 
ing: 

a terminating unit provided at a temilnating end of 
said rectangular waveguides and having a movable 
short-circuit plate provided so as to move along the 
waveguide-axis direction of said rectangular waveguide, 

wherein said movable short-circuit plate Is posi- 
tioned so that center portions of peaks of a voltage stand- 
ing wave generated in said rectangular waveguides are 
coincident with longitudinal center portions of said 
sub-slots, respectivety. 

The above-mentioned plasma processing appara- 
tus may further comprise: 

one said rectangular waveguide having one long 
slot, said long slot being a slot array composed of a plu- 
rality of sub-slots disposed by equally dividing said long 
slot In the waveguide-axis direction of said rectangular 
waveguide; and 

a terminating unit provided at a terminating end of 
said rectangular waveguide and having a movable 
short-circuit plate provided so as to move along the 
waveguide-axis dlredbn of said rectangular waveguide, 

wherein said movable short-circuit plate is posi- 
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tioned so that center portions of peaks of a voltage stand- 
ing wave generated In said rectangular waveguide are 
ooinddent with longitudinal center portions of said 
sub-slots, respectivety. 
5 According to another aspect of the present inven- 
ibn, there Is provided a plasma processing apparatus 
comprising: 

a plasma chamber having a narrow window dis- 
posed in a side wall thereof, an object to be processed 
being provided inside said narrow window; 

a rectangular waveguide for-coupling with said 
plasma chamber, said rectangular waveguide having a 
long slot disposed in an E-plane thereof so as to oppose 
to said narrow window of said plasma chamber and to 
extend abng a waveguide-axis direction of said rectan- 
gular waveguide, said rectangular wavegulde.betng pro- 
vided so that the waveguide-axis direction of said rec- 
tangular waveguide Is parallel to a longitudinal direction 
of said narrow window of said plasma chamber; and 

microwave power supply means for supplying a mi- 
crowave to said rectangular waveguide, 

wherein the microwave is radiated from the rectan- 
gular waveguide to said plasma chamber through said 
long slot, 

said plasma processing apparatus being charac- 
terized in that: 

a longitudinal length of said long slot is set to 1/2 
or more of a free-space wavelength of the microwave, 
said plasma processing apparatus furtherconrpris- 

ing: 

a microwave waveguide forming member provided 
between said long slot and said narrow window of said 
plasma chamber, said microwave waveguide tonming 
member having a microwave waveguide having a cross 
section Identical to an opening shape of said long slot; 
and 

a dielectric made of a material that does not absorb 
any microwave, said dielectric being inserted into said 
microwave waveguide at a position near a terminating 
end of said rectangular waveguide along the 
waveguide-axis direction o1 said rectangular waveguide, 
said dielectric reflecting a part of the microwave and 
transmitting another part of the microwave. 

in the above-mentioned plasma pixx»ssing appara- 
tus, the length of said dielectric In the bngltudlnal direc- 
tion of said long slot may be set to n/2 of a free-space 
wavelength the microwave where n is a natural 
number, and 

wherein an insertion length of said dielectric into 
said microwave waveguide is set by adjusting a micro- 
wave transmrttance coefficient of said dielectric so that 
an electric field Intensity of the mIcnDwave atong the lon- 
gitudinal direction of said plasma chamber becomes 
substantially uniform. 

According to a further aspect of the present inven- 
tion, there is provided a plasnna processing apparatus 
comprising: 

a plasma chamber having a narrow window dis- 
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posed in a side wall thereol, an object to be processed 
being provided inside said narrow window; 

a rectangular waveguide for coupling wHh said 
plasma chamber, said rectangular waveguide having a 
long slot disposed in an E-plane thereol so as to oppose 
to said narrow window of said plasma chamber and to 
extend along a wavegulde-axis direction of said rectan- 
gular waveguide, said rectangular waveguide being pro- 
vided so thai the waveguide-axis direction of said rec- 
tariguiar waveguide is parallel to a longitudinal direction 
of said narrow window of said plasma chamber; and 

microwave power supply means for supplying a mi- 
crowave to said rectangular waveguide, 

wherein the microwave is radiated from tlie rectan- 
gular waveguide to said plasma chamber through said 
long slot, 

said plasma processing apparatus being charac- 
terized in that 

a longitudinal length of said long slot is set to 1/2 
or more of a frea-space wavelength of Ihe microwave, 

said plasma processing apparatus further compris- 

ing: 

a movable short-circuit plate provided at a termi- 
nating erxi of said rectangular waveguide so as to move 
along the waveguide-axis direction of said rectangular 
waveguide over a length of 1/2 or more of a guide wave- 
length ol the microwave; and 

movement driving means for moving said movable 
short-circuit plate periodicaily or non-periodical ly along 
the waveguide-axis direction of said rectangular 
waveguide. 

According to a still further aspect of the present in- 
vention, there is provided a plasma processing appara- 
tus comprising: 

a plasma chamber having a narrow window dis- 
posed in a side wall thereof, an object to be processed 
being provided inside said narow window; 

a rectangular waveguide for coupling with said 
plasma chamber, said rectangular waveguide having a 
long slot disposed In an E-plane thereol so as to oppose 
to said narrow window of said plasma chamber and to 
extend along a waveguide-axis direction of said rectan- 
gular waveguide, said rectangular waveguide being pro- 
vided so thai the waveguide^axis direction of said rec- 
tangular waveguide Is parallel to a longitudinal direction 
of said narrow window of said plasma chamber; and 

microwave power supply means tor supplying a mi- 
crowave to said rectangular waveguide, 

wherein the microwave is radiated from the rectan- 
gular waveguide to said plasma chamber through.said 
long slot, 

said plasma processing apparatus being charac- 
terized in that 

a longitudinal length of said long slot is set to 1/2 
or wore of a free-space wavelength of the microwave, 

said plasma processing apparatus further compris- 
ing: 

a movable slot plate having an opening having a 



length shorter than a longitudinal length of said long slot 
in the waveguide-axis directbn and having a width equal 
to a width of said long slot, said mc^abis slot plate being 
disposed in a space between said long sbt of said rec- 

6 tangular waveguide md said nan-ow window of said 
plasma chamber so as to nrwve along the waveguldenax- 
is direction of said rectangular waveguide so that said 
opening opposes to said long slot; and 

movement driving means for moving said movable 

10 slot plate periodically or non-periodicaily wer a length of 
1/2 or more of the free-space wavelength of the micro- 
wave. 

According to a still mora lurther aspect of the present 
Invention, there Is provided a plasma processing appa- 
ratus comprising: 

a plasnna chamber having a narrow window dis- 
posed in a side wall thereof, an object to be processed 
being provided Inside said narrow window; 

a rectangular waveguide for coupling with said 

20 plasma chamber, said rectangular waveguide having a 
long slot disposed In an E-plane thereof so as to oppose 
to said narrow-wirKk>w of said plasma chamber and to 
extend along a waveguide-axis direction of said rectan- 
gular waveguide, said rectangular waveguide being pro- 

2S vided so that the waveguide-axis direction of said rec- 
tangular waveguide is parallel to a longitudinal direction 
of said narrow window of said plasma chamber; and 

microwave power supply means for supplying a mi- 
crowave to said rectangular waveguide, 

30 wherein the microwave Is radiated from the rectan- 
gular waveguide to said plasma chamber through said 
long slot, 

said plasma processing apparatus being charac- 
terized in that: 

35 a longitudinal length of said long slot is set to 1/2 
or mors of a free-space wavelength of the m'crowave, 

said plasma processing apparatus further compris- 
ing: 

magnetic-field generating means for generating a 
^ magnetic field In a space between said object provided 
in said plasma chamber and said narrow window, and 
lor changing adirection and an Intensity of the generated 
nnagnetic field. 

The above-mentioned plasma processing appara- 
lus may further comprise: 

at least two microwave waveguide fomning mem- 
bers provided between each said long skn and said nar- 
row window of said plasma chamber and living a mi- 
crowave waveguide having a cross section identical to 
so an opening shape of each said long slot; and 

at least twodielectrics each made of a material that 
does not absorb any microwave, and said dielectrics be- 
ing inserted into said microwave waveguides at a posi- 
tion near a terminating end of said rectangular 
55 waveguides along the wavegulde-axis direction of said 
rectangular waveguide, said dielectrics reflecting a part 
of the microwave and transmit another part of the micro- 
wave, 
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wherein the length of each said dielectric in the Ion- 
gitudinal direction of each eald long slot Is set to n/2 of a 
free^spaca wavelength of the microwave where n Is a 
natural number, and 

wherein an insertion length of each said dielectric 
into each said microwave waveguide Is set by »jl|ustlng 
a microwave transmtttance coefficient of each said die- 
lectric so that an electric flekl intensity of the microwave 
along the longitudinal direction of said plasma chamber 
becomes substantially unilorm. 

The above-mentioned plasma processing appara- 
tus may further comprise: 

at least two said rectangular waveguides each hav- 
ing at least one said long slot; and 

further microwave power supply means for supply- 
ing a microwave to another one of said rectangular 
waveguides in a direction different from the direction of 
one of said rectangular waveguides adjacent to another 
one of said rectangular waveguides, and 

wherein said long slots are disposed so as to be 
parallel to each other such that adjacent said long slots 
are shifted from each other by (2n-1 )/4 of the 1 rsa-spaca 
wavelength of the microwave In the wavegulde-axls di- 
rection of said rectangular waveguide, where n is a nat- 
ural number. 

The above-mentioned plasma processing appara- 
tus may further comprise: 

a microwave waveguide forming mennber provided 
between said long slot and said narrow window of said 
plasnrm chamber, said mlaowave waveguide fomiing 
member having a microwave waveguide having a cross 
section identical to an opening shape of said bng slot; 
and 

a dielectric made of a material that does not absorb 
any microwave, said dielectric being inserted into said 
microwave waveguide at a position near a terminating 
end of said rectangular waveguide along the 
waveguide-axis direction of said rectangular waveguide, 
said dielectric reflecting a part of the microwave and 
transmitting another part of the microwave. 

In the above-mentioned plasma processing appara- 
tus, a length of said dielectric In the longitudinal direction 
of said long slot may be set to n/2 of a free-space wave- 
length of the microwave where n is a natural numbsr, and 
wherein an insertion length of said dielectric Into 
said microwave waveguide is set by adjusting a micro- 
wave transmittance coefficient of said dielectric so that 
an electric field intensity of the microwave along the lon- 
gitudinal direction of said plasma chamber becomes 
substantially uniform. 

According to the plasma processing apparatus of 
one aspect of the present invemion, at least two long 
slots are provided in at least one rectangular waveguide, 
and the longitudinal length of each long slot is set to 1/2 
or more of the tree-space wavelength of the microwaves, 
wherein the long slots are arranged so as to be shifted 
from each other by (2n-1 )/4 (where n Is a natural number) 
of the free-space wavelength of the microwave in the 



waveguide-axis direction of the rectangular waveguide. 
Therefore, even if the microwave electric Held radiated 
from \hB long slots to the plasma chamber has peaks 
and valleys with a cycle corresponcflng to the free-space 

5 wavelength of the microwaves, the strong portions and 
weak portions of the electric field of the microwave can 
be superimposed on each other by shifting the postttons 
of the individual bng sk3it6 by a phase of (2n-iy4 of the 
free-space wavelength of the mbrowaves. Thus, the 

10 power of the microwave radiated to the plasma chamber 
can be made uniform along the longitudinal direction of 
the window of the plasma chamber, so that a uniform 
plasma density can be obtained over a wider range or 
area 

75 Further, according to the plasma processing appa- 
ratus of another aspect of the present InverTtbn, the 
above-mentbned plasma processing apparatus further 
comprises at least two said rectangular waveguktes 
each having at least one bng slot, and further microwave 

^ power supply means tor supplying the mbrowaves to the 
rectanguter waveguides in directions different from each 
other between adjacent rectangular wavegukJes. There- 
lore, regbns where the electric field intensity of the mi- 
crowave radiated from one rectangular wavegukde 

^ through one bng sbt is relatively weak receive a rela- 
tively strong electric fleb of the mterowave radiated from 
the further rectangular waveguide through the other bng 
slot, and then the strong portbns and the weak portions 
of the electric fieb of microwave can be superimposed 

30 on each other. Thus, the power of the mbrowaves radi- 
ated to the ptesma chamber can be o^de unilorm along 
the longitudinal directbn of the window of the plasma 
chamber, so that a uniform plasma density can be ob- 
tained over a wkjer range or ansa. 

3S Further, according to the plasma processing appa- 
ratus of a further aspect of the present invention, in the 
above-mentbned plasma processing apparatus, each of 
the long slots is a slot array composed of a plurality of 
sub-slots formed by equally dividing the long sbt in the 

40 waveguide-axis direction. The above-mentioned plasma 
procsssing apparatus further comprises: a terminating 
unit provided at a temiinatlng end of the rectangular 
waveguides arx^ having a movable short-circuit plate 
provided so as to move abng the waveguide-axis direc- 

45 tion, the movable short-circuit plate being positioned so 
that center portions of peaks of a voltage standing wave 
generated in the rectangular waveguides are coincident 
with bngitudinal center portions of the sub-sic^, respec- 
tively. In this case, the peaks of the electric fieb intensity 

50 of the microwave radiated from each sub-sbt of the slot 
array become substantially a constant, so that the mag- 
nitude of the strong portions and the weak portbns of ttie 
electric fieb intensity of the microwave is reduced over 
the entire length of the slot array Thus, when a plasma 

ss Is generated with a relatively low gas pressure by using 
the resulting combined microwave electric field, a plas- 
ma with a highly uniform plasma density distrtbutbn can 
be generated despite the presence of the strong portbns 
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and the weak portions of the electric field. 

According to the piasrna processing apparatus of a 
still further aspect of the present Invention, the 
above-mentioned plasrna processing apparatus further 
comprises: one said rectangular waveguide having one f 
long slot, the long slot being a slot-array composed of a 
plurality of sub-slots formed by equally dividing the long 
slot in the waveguide-axis direction; a terminating unit 
provided at a terminating end of said rectangular 
waveguide and having a movable short-circuit plate pro- 10 
vided so as to move afong the wavegulde-axls direction, 
the movable short-circuit piats being positioned so that 
center portions of pealce of a voltage standing wave gen- 
erated in the rectangular waveguide are coincident with 
longitudinal center portions of the sub-slots, respectively. 75 
In this case, the peaks of the microwave electric field In- 
tensities 0I the microwave radiated from each sub-sbt 
of the slot array become substantially a constant, so that 
the magnitude.ot the strong portions and the weak por- 
tkMis of the electric field intensities of the microwaves is ^ 
reduced over the entire longitudinal length of the slot ar- 
ray Thus, when a plasma is generated with a relatively 
tow gas pressure by using the resulting combined mtero- 
wave electric fiekJ, a plasma with a high ty uniform plasma 
density distributton can be generated despite the pres- 
ence of the strong portbns and the weak pontons of the 
electric fiekj ot the microwave. 

According to the plasnw processing apparatus of a 
still more further aspect of the present inventton, the 
above-menttoned plasma processing apparatus further 30 
comprises: a mterowave waveguide fonning member 
provided between the long slot and the window of the 
plasma chamber and having a microwave waveguide 
having a cross section identical to an opening shape of 
the tong stot; and a dielectric composed of a nrtateriai that 3S 
does not absorb the microwaves, and inserted into the 
microwave wavegukJe at a position near a terminating 
end of the rectangular waveguide atong the 
waveguide-axis direction, the dielectric reflecting a part 
of the mtorowBve and transmitting another part of the ml- 40 
crowave. By providing the dielectric which refiecls a part 
of the microwave and transmits another part of the mi- 
crowave and that does not absorb any mterowave. at a 
portion where the electric field intensity of the micro- 
waves Is relatively high, the strong portfcra of the eteclric ^ 
field are weakened while the weak portions of the electric 
field are conversely reinforced by power reflected by the 
dielectric. Thus, the power ot the microwaves radiated 
to the plasma chamber can be made more uniform atong 
the longitudinal direction of the window of the plasma so 
chamber, so that a unifonn plasma density can be ob- 
tained over a wide range. 

According to the plasma procsesing apparatus of a 
still further more aspect of the present Inventton, In the 
above-mentioned plasma processing apparatus, the Ion- 55 
gitudinal length of the dielectric atong the tongitudinal di- 
rectton of the tong stot Is set to n/2 (where n Is a natural 
number) of a f ree^pace wavelength of the microwaves, 



and an insertion length of the dielectric into the micro- 
wave waveguide isset by adjusting the mterowavetrans- 
mittance coefficient of the dielectric so that an electric 
field intensity of the mtorowaves atong the tongitudinal 
direction of the plasma chamber becomes substantially 
uniform. Thus, the power of the mtorowaves radiated to 
the plasma chamber can be made more uniform along 
the tongltud'mal directton of the window of the plasma 
chamber, as compared with that of the above-menttoned 
plasma processing apparatus. 

According to the plasma processing apparatus of 
another aspect of the present invention, in the 
above-mentioned plasma processing apparatus, a lon- 
gitudinal length of the tong stot Is set to 1/2 or nriore of a 
free-space wavelength of the mtorowaves. The 
above-mentioned plasma processing apparatus further 
comprises: a movable short-circuit plate provided at a 
terminating end of the rectangular wavegukJe so as to 
move along the wavegutoe-axis direction over a tongitu- 
dinal length of 1^ or more of a gukie wavelength of the 
microwaves; and movement driving means for moving 
the movable short-circuit plate periodically or non-peri- 
odlcally atong the wavegulde-axls directton. Therefore, 
even if the plasma generated has spatial non-uniformi- 
tias or in'egularities due to the strong portions arxd the 
weak porttons of the electric field Intensity of the micro- 
waves radiated from the long slot to the plasma chamber, 
the non-uniformity of plasma can be complemented by 
changing the irradiation of plasma to the object to be 
processed In time and space. Thus, a plasma processing 
with apparently good unrtormlty can be accomplished. 

According to the plasma processing apparatus of a 
further aspect of the present inventton, In the 
above-menttoned plasma processing apparatus, a lon- 
gitudinal length of the tong slots is set 10 1/2 or more of 
a free-space waveler)gth of the mtorowaves. The 
above-menttoned plasma processing apparatus further 
comprises: a movable slot plate having an opening In a 
space between the long stot of the rectangular 
waveguKle, and the narrow window of the plasnr» cham- 
ber, the movable stot plats having a longitudinal length 
shorter than the tength of the long stot In tiTe 
wavegulde-axls direction and a width equal to the wWth 
of the long stot, the movable slot plate disposed so as to 
move atong the wavegutoe-axis directton so that the tong 
stot and the opening are opposed to each other, and 
movement driving means for moving the nrtovable slot 
plate periodically or non-periodtoally over a longitudinal 
length of 1/2 or more of the free-space wavelength of the 
microwaves. Therefore, even If the plasnr^ generated 
has spatial non-uniformitias or irregularities due to the 
strong portions and the weak portions of the electric field 
of the microwaves radiated from the long slots to the 
plasma chamber, the non-uniformity of plasma can be 
complememed by varying the Irradiation of plasma to the 
object to be processed in time and space. Thus, a plas- 
ma processing with apparently good uniformity can be 
aocomplished. 
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According to the plasma processing apparatus o1 a 
further aspect of the present invention, in the 
above-mentioned plasma processing apparatus, a lon- 
gitudinal length or the long slot Is set to 1/2 or more of a 
tree-space wavelength of the microwaves. The 
at)ove-mentloned plasma processing apparatus further 
comprises: magnetic-field generating means for gener- 
ating a magnetic field in a space between the object set 
Inthe plasma chamber and the window, and for changing 
a direction and an intensity of the magnetic field There- 
fore, even If the plasma generated has spatial non-uni- 
formities or irregularities due to the strong portions and 
the weak portions of the electric field of the microwaves 
radiated from the lor»g slots to the plasma chamber, the 
non-uniformity of plasma can be oomplemented by var- 
ying the irradiation of plasma to the object to be proc- 
essed in time and space. Thus, the plasma processing 
wfth apparently good uniformity can be accomplished. 

According to the plasma processing apparatus of a 
still further aspect of the present invention, the 
above-mentioned plasrm processing apparatus further 
comprises: at least two microwave waveguide fomiing 
members provided between each long slot and the nar- 
row window of the plasma chamt>er and having a micro- 
wave waveguide liaving a cross section identical to an 
opening shape of the each long slot; and at least two 
dielectrics each composed of a material that does not 
absorb any mlcn^wave, and Inserted In said microwave 
waveguides at a position near a tenninating end of the 
rectangular waveguides along the waveguide-axis direc- 
tion, the dielectrics reflecting apart of the microwave and 
transmitting another part of the microwave, wherein the 
longitudinal length of said each dielectric In the longitu- 
dinal direction of said each long slot is set to n/2 (where 
n Is a natural number) of a free-space wavelength of the 
microwaves, and an insertion length of each dielectric 
into each microwave waveguide is set by adjusting the 
microwave transmittance coefficient of said each dielec- 
tric so that an electric field intensity of the microwaves 
along the longitudinal direction of the plasma chamber 
becomes substantially uniform. Therefore, by providing 
the dielectric that reflects a part of the microwave and 
transmits another-part of the microwave and that does 
not absorb any microwaves, at a portion where the elec- 
tric field Intensity of the microwaves Is relatively high, the 
strong portions of the electric field are weakened while 
the weak portkns of the electric flekl are conversely re- 
inforced by power reflected by the dielectric. Thus, the 
power of the microwaves radiated to the plasma cham- 
ber can be made uniform ak)ngthe kingltudinal direction 
of the window of the plasma chamber, so that a uniform 
plasma density can be obtained over a wide range. 

According to the plasma processing apparatus of a 
still more further aspect of the present Invention, the 
abcve-mentkned plasma processing apparatus further 
comprises: at least two said rectangular waveguides 
each having at least one long slot; and further microwave 
power supply means for supplying the microwave to the 



rectangular waveguides in directions different between 
acf acent rectangular waveguides, wherein the long stols 
are fonmed so as to be parallel to each other in such a 
way that adjacent the tong stots are shifted from each 
6 other by (2n-1)/4 (where n is a natural numt>er) bi the 
waveguide-axis direction of the rectangular wavegukte. 
Therefore, regbns where the electric fleU Intensity of the 
mterowave radiated from one rectangular waveguide 
through one long slot is relatively weak receive a rela- 
te tively strong electric field of the microwave radiated from 
the other rectangular wavegukle through the other tong 
slot, and than the strong portions and the weak portions 
of the electric fietel of the microwave can be superim- 
posed on each other. Thus, the power of the microwave 
radiated to the plasma chamber can be made uniform 
along the tonglludlnal direction of the window of the plas- 
ma chamber, so that a uniform plasma density can be 
obtained over a wide range. 

According to the plasma processing apparatus of a 
^ still further more aspect of the present invention, the 
above-mentbned plasma processing apparatus further 
comprises: a microwave waveguide forming member 
provkted between the long slot and the window of the 
plasma chamber and having a microwave waveguide 
^ having a cross sectkxi identical to an opening shape of 
the long slot; and a dielectric composed of a material that 
does not absorb any microwave, and inserted into the 
mk^rowave waveguWe at a position near a terminating 
end of the rectangular wavegukle along the 
30 waveguide-axis direction, the dielectric reflecting a part 
of the microwave and transmitting another part of the mi- 
crowave. Therefore, by provkiing the dielectric that re- 
flects a part of the microwave and transmits another part 
of the microwave and that does not absorb any micro- 
ns wave, at a portion-where the electric field Intensity of the 
microwave is relatively high, the strong portions of the 
electric field are weakened while the weak portiorts of 
the electric fiekJ are conversely reirrforced by power re- 
flected by the dielectric. Thus, the power of the m»ro- 
40 wave radiated to the plasma chamber can be made uni- 
form along the tongitudinal direction of the window of the 
plasma chamber, so that a uniform plasma density can 
be obtained over a wide range. 

According to the plasma processing apparatus of a 
^ still more further aspect of the present invention, the 
above-mentk>ned plasma processing apparatus further 
comprises: a microwave waveguWe forming member 
provided between the long slot and the window of the 
plasma chamber and having a microwave waveguide 
so whose aoss section Is f derrtk^l to an opening shape of 
the long slot; and a dielscbic composed of a material that 
does not absorb any microwave, and Inserted Into the 
microwave waveguide ata positbn near a terminating 
end of the rectangular wavegukle along the 
SB wavegukie-exis direction, the dielectric reflecting a part 
of the microwave and transmitting another part of the mi- 
crowave, wherein the length of the dielectric along the 
longitudinal directkm of the bng skTt is set to n/2 (where 
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Fig. B is a front view of a slot array of Fig. 7; 

Fig. 9 is a graph showing an electric field intensity 
of a microwave relative to a longitudinal length of 
6 Bach of long slots in the plasma processing appara- 
tus of Fig. 7; 

Fig. 1 0 is a plan view showing a general constmction 
of a plasma processing apparatus of a fourth pre- 
10 ferred embodiment according to the present inven- 
tion; 

Fig. 1 1 is a graph showing a plasma density and an 
electric field intensity of a microwave reloth^ to a 
'5 longitudinal length of a long slot in the plasma 
processing apparatus of Fig. 10; 

Fig. 1 2 is a plan view showing a general consiojctlon 
of a plasma processing apparatus of a fifth prefen^ed 
so emtxxiiment according to the present invention; 

Fig. 13 is a cross-sectional viewtalcen abng a line I 
- r or Fig. 12; 



n is a natural number) of a free-space wavelength o1 the 
microwave, and an insertion length of the dielectric into 
the microwave waveguide is sat by adjusting the micro- 
wave transmittance coefficient of the dielectric so that an 
electric field intensity of the microwave along the longi- 
tudinal direction of the plasma chamber becomes sub- 
stantially uniform. Therefore, by providing the dielectric 
that reflects a part of the microwave and transmits an- 
other part of the microwave end that does not absorb any 
microwave, at a portion where the electric field intensity 
of the microwave Is relatively high, the strong portions 
the electric field are weakened while the weak porlbns 
of the electric fiekl are conversely reinforced by power 
reflected by the dielectric. Thus, the power of the mtero- 
wave radiated to the plasma chamber can be made uni- 
form ateing the longitudinal direction of the window of the 
plasma chamber, so that a uniform plasma-density can 
be obtained over a wkier range or area 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
Inventton will become clearf rom thefollowing description 
taken in conjunction with the preferred embodiments 
thereof with reference to the accompanying drawings 2S 
throughout which like parts are designated by like refer- 
ence numerals, and in which: 

Fig. 1 is a plan view showing a general construction 
of a plasma processing apparatus of a first preferred ^ 
embodiment according to the present Invention; 

Fig. 2 is a cross-sectional view taken along a line I 
-l'ofFig.1; 

Fig. 3 is a graph showing an electric field intensity 
of a microwave relative to a longitudinal length of 
each of bng sbts In the plasma processing appara- 
tus of Fig. 1 ; 

Fig. 4 is a plan view showing a general construction 
of a plasma processing apparatus of a second pre- 
ferred embodiment according to the present inven- 
tion; 

Fig. 5 is a cross-sectional view taken along a line I 
-r of Fig. 4; 

Fig. 6 is a graph showing an electric field intensity 
of a mtorowave relative to a longitudinal length of ^ 
each of kxig sbts in the plasma processing appara- 
tus of Fig. 4; 

Fig. 7 is a plan view showing a general construction 
of a plasma processing apparatus of a third pre- ss 
ferred embodiment according to the present inven- 
tbn; 



Fig. 14 is a cross-sectbnal view taken along a line. 
T-TofFlg. 12; 

Fig. 15 is a graph showing an electric field Intensity 
of a microwave relative to a bngitudinal length of a 
tong sbt in the plasma processing apparatus of Fig. 
12; 



Fig. 17 is a cross-sectional view corresponding to a 
part of Fig. 14, showing a plasma processing appa- 
ratus ol a second modifk»tk)n of the filth preferred 
embodiment according to the present inventkxi; 

Fig. IB Is a cross-sectional view corresponding to a 
part of Fig. 14, showing a plasma processing appa- 
ratus ol a third modlfk»tk>n of the fifth preferred 
embodiment according to the present invention; 

Fig. 19 is a graph showing a microwave transmit- 
tance coefficient relative to a thickness of a dielectric 
in the plasma processing apparatus of Fig. 18; 

Fig. 20 is a plan view showing a general conslmctksn 
of a plasma processing apparatus ol a sixth pre- 
ferred embodiment according to the present inven- 
tk>n; 

Fig. 21 is a cross-sectk)nal view taken atong a line 
T-TofFig. 20; 



Fig. 16 Is a cross-sectional view corresponding to 
part of Fig. 1 4, showing a plasma processing appa- 
^ ratus of a first modifk:atk3n of the fifth preferred 
embodiment according to the present invention; 
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Fig. 22 is a graph showing a plasma density relative 
to a longitudinal lengtti of a long slot In the plasma 
processing apparatus of Fig. 20; 

Fig. 23 is a cross-sectional view conesponding to a 6 
part of Fig. 14, showing a plasma processing appa- 
ratus of a seventh preferred emtxxJIment according 
to the present invention; 

Fig. 24 is a cross-sectional view corresponding to io 
Fig. 15, showing the plasma processing apparatus 

o1 Fig. 23; 



Figs. 25A, 25B and 25C are front views each show- 
ing a relatbnship between a movable slot plate and 
an opening In the plasma processing apparatus of 
Fig. 23 when the movable slot plate is moved, 
wherein Fig. 25A is the front view at a timing t1 , Fig. 
25B is the front view at a timing 12, and Fig. 25C Is 
the front view at a timing 13; 

Fig. 26 is a cross-sectional view corresponding to 
Fig. 24, showing a plasma processing apparatus of 
an eighth preferred embodiment according to the 
present invention; 

Fig. 27 is a cross-sectional view corresponding to 
Fig. 23, showing a plasma processing apparatus of 
a ninth preferred embodiment according to the 
present Invention; 

Fig. 28 is a cross-sectional view taken along a tine 
T1 - TV of Fig. 27; 

Fig. 29 is a cross-sectionai view taken aksng a line 
T2-T2'ofFig. 27; 

Fig. X is a graph showing an electric field intensity 
of a microwave relative to a longitudinal length of 
each of bng slots in the plasma processing appara- 
tus ol Fig. 27; 

Fig. 31 Is a cross-secttonal view corresponding to 
Figs. 23 and 27, showing a plasma processing appa- 
ratus of a tenth preferred embodiment according to 
the present invention; 

Fig. 32 is a cross-ssctlonal view taken along a line 
T1 - TV of Fig. 31; 

Fig. 33 is a cro8s-ssctk>nal view taken along a line 
T2-T2'ofFlg. 31; 

Fig. 34 Is a graph showing a plasma density relative 
to a tongltudlnal length of each of long skits In the 
plasma processing apparatus of Fig. 31; 

Fig. 35 is a cross-8ec1k)nal view corresponding to 
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Figs. 23, 27 and 31 , showing a plasma processing 
apparatus of an eleventh preferred embodiment 
according to the present invention; 

Fig. 36 is a cross^ectional view con'esponding to 
Figs. 23, 27, 31 and 35, showing a plasma process- 
ing apparatus of a twelfth preferred embodiment 
according to the present Invention; 

Fig. 37 is a cross^ectkinal view taken along a line 
T-TofFlg. 36; 

Fig. 38 is a graph showing an electric field intensity 
Of a microwave relative to a k)ngltudlnal length of 
each of kmg slots in the plasma processing appara- 
tus of Fig. 36; 

Fig. 39 Is a graph showing a plasma density relattve 
to a longitudinal length of each of long slots in tlie 
plasma processing apparatus of Rg. 38; 

Fig. 40 is a plan view sliowing a general construction 
of a prior art plasma processing apparatus; 

Fig. 41 is a cross-sectional view taken ak)ng a line I 
-r of Fig. 40; 

Fig. 42 is a cross^ectbnal view taken along a line 
T3-T3'ofFig. 40;and 

Fig. 43 is a graph showing an electric field intensity 
of a microwave relativa to a longitudinal length of 
each of long slots In the plasma processing appara- 
tus of Fig. 40. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Preferred embodiments according to the present in- 
40 ventk>n will be described betow with reference to the at- 
tached drawings. 

<Flrst Pr^erred embodiment* 
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Fig. 1 Is a general constructton view o< a plasma 
processing apparatus showing a first preferred embodi- 
ment according to the present invention. Fig. 2 is a 
cross-sectionai view taken abng a line I - 1' of Fig. 1 . In 
Fig. 1 , there are shown the followings: 

(a) a microwave power supply 1; 

(b) an isolator 2; 

(c) comer rectangular wavegukies 3 and 6; 

(d) a directional coupler 4; 
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(e) an automatic impedance matching device 5, and; 

(1) a plasma chamber 7, 

wherein these components are arranged in the s 
same way as that of the prbr art apparatus shown In Fig. 
40. Further, there are shown the tollowlngs In Fig. 1 : 

(g) a rectangular waveguide 1 8 tor coupling wr!h the 
plasma chamber 7 wherein the rectangular io 
waveguide 18 has long slots or longitudinal long 
sbts 16b and 18c lormsd in an E-plane 18a of the 
rectangular waveguide 18; and 

(h) a terminating unit 1 9 provided with a movable 
short-circuit plate 1 9a It Is noted that Fig. 2 Is similar 
to Fig. 41 , and in Figs. 1 and 2, the components sim- 
ilar to these shown in Figs. 40 and 41 are designated 
the same numerals as those shown in Figs. 40 arKi 

41. 20 

The plasma processing apparatus of the first pre- 
ferred embodiment according to the present Invention is 
characterized in that the bng slots 18b and 18c are lo- 
cated so as to be shifted from each other in the 2S 
wavegulde-axis direction by (2n-iy4 (where n Is a natu- 
ral number) of the free space wavelength of the mi- 
crowave, and so as to be both parallel to the 
waveguide-axis direction of the rectangular waveguide 
1 6 with an appropriate spacing. 30 

As shown In Fig. 2, In the plasma chamber 7, a long 
projection 7b for communicating with the inside of the 
plasma chamber 7 is provided onto a side wall 7a of the 
plasma chamber 7 on the rectangular waveguide 1 6 side 
or the plasma chamber 7, and the projection 7b is formed ss 
60 as to oppose to one E-plane 16a of the rectangular 
waveguide 18. In the projection 7b, an electromagnet 10 
used as first magneilc-fleld generating means is provid- 
ed on the outer periphery of the projection 7b, and a nar- 
row rectangular window 7c Is provided on the rectangular ^ 
waveguide 18 side of the projection 7b so as to extend 
along the wavegulde-axis direction of the rectanguter 
waveguide 18, The window 7c Is sealed under vacuum 
by a microwave transmitting window 11 made of a silica 
glass plate, and then the plasma chamber 7 Is sealed 
undervacuum. Further, in the plasma chamber 7, an ex- 
haust port 7d Is provided and connected to a vacuum 
pump (not shown), and a gas Introducing pipe 12 for in- 
troducing a process gas into the plasma chamber 7 is 
attached so as to pass through one wall of the plasma so 
chambsr7 in airtight fashion. Within the plasma chamber 
7, there are provided the followings: 

(a) a roll 14 around which a sheet-shaped object 1 3 

to be processed is wound; and ss 

(b) a wind-up roll 15 tor-winding up the object 13, 
which has been completely processed, 



wherein the rolls 1 4 and 1 5 are placed so as to be 
opposite to each other such that the object 1 3 to be proc- 
essed is placed so that the front surface of the object 1 3 
opposes to the window 7c, 

In the rectangular waveguide IB provided for cou- 
pling the plasma chamber 7, long slots 18b and 18c are 
formed m the E-plane 18a of the rectangular waveguide 
1 8 so as to extend in the waveguide-axie direction of the 
rectangular waveguide 18. The long slots 18b and 16c 
are located so as to be shifted from each other in the 
waveguide-axis direction thereof by (2n-1 )/4 (where n is 
a natural number) of the f ree^pace wavelength Xq of the 
microwave and, besides, so as to be both parallel to each 
other with an appropriate spacing. Further, in the plasma 
chamber 7, a window 7c is formed in the side wall 7a of 
the plasnna chamber 7 on the rectangular waveguide 18 
side thereof so as to extend in the waveguide-axis direc- 
tion of the rectangular waveguide 18, and the longitudi- 
nal length ofthe window 7c is set to a value approximate- 
ly or substantially equal to a longitudinal length resulting 
by adding Xo(2n-1)/4 to the longitudinal length of one 
long slot 1 8b or 1 Be, as described above. The rectangu- 
lar waveguide 18 Is electrically connected to the plasma 
chamber 7 with the bng slots 18b, 1 8c opposed to the 
window 7c of the plasma chamber 7. 

Between the plasnna chamber 7 and the rectangular 
waveguide 1 8, a pernr^anent magnet 1 0c used as second 
nnagnetic-field generating means Is disposed at the 
widfriwise center portion of the E-plane 18a of the rec- 
tangular waveguide 1 8 along the long slots 1 Bb and 1 8c. 
Further, a rectangular-cylindrlcal-shaped microwave 
waveguide fomrilng member 16 made of aluminum, cop- 
per, stainless, or the like Is placed longitudinally around 
the. permanent magnet 1 0c so as to support the perma- 
nent magnet 1 0c and moreover so as to form microwave 
waveguides 16a and 16a'. The microwave waveguide 
forming member 16 is fixed between the plasma cham- 
ber 7a and the rectangular waveguide 1 8 by appropriate 
means. 

The terminating unit 19 is provkJed the movable 
short-circuit plate 1 9a instead of a terminating unit con- 
sisting of a microwave absorber as shown In Fig. 40 of 
the prior art. Accordingly, by respectively adjusting the 
position of the movable short-circuit plate 19a and the 
automatic impedance matching device 5 to predeter- 
mined impedances as required, the microwave to be in- 
troduced into the rectangular waveguide 18 can be sup- 
plied to the plasma chamber 7 with a higher efficiency. 

In the plasma processing apparatus with the 
above-mentioned constitution, a microwave generated 
by the microwave power supply 1 is introduced to the 
rectangular waveguide 1 8 through the Isolator 2, the cor- 
ner rectangular waveguide 3, the directional coupler 4, 
the automatic impedance matching device 5. and the 
comer rectangular waveguide 6. Then, the microwave Is 
radiated or projected into the plasma chamber 7 from the 
long slots 18b and 16c through the microwave 
waveguides 16a and 16a', the microwave transmitting 
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window 1 1 , and the window 7c. 

In the plasma processing apparatus of the present 
preferred embodiment, eince the eleclric field Intensity 
of the mterowave radiated Irom the long slots 18b and 
16c has strong portions and weak portions alternately s 
every halves of ihe free-space wavelength of the mi- 
crowave as shown In Fig. 43, shifting the long slots 18b 
and 1 Be from each other by 1/2 of the free-space wave- 
length of the microwave along the longitudinal direc- 
tion of the long slots Idb and 1Bc, that is, oi the io 
waveguide-axis direction of the rectangular waveguide 

1 8 causes two microwave electric fields to be combined 
or synthesized so that the strong and weak portions of 
the electric field intensity ere superimposed on each oth- 
er Preferably, the k)ngitudinal length to which the long 
slots 18b and 16c are shifted from each other Is set toa 
value of (1/4)AgOr(a/4)Xo. If the long slots 18b and IBc 
are further shifted In excess of those, the electrk: fleki 
imenslty of the microwave generated by one long slot 

1 6b or 1 ec alone would result In a wkler distribution. That 20 
is, a distribution of the electric fleW intensity having the 
strong portions and the weak portions would result at ton- 
gltudhat both ends of the long skrts 18b and 18c whhout 
combining the electric field intensities of the mk;rowavas 
thereof. In addition, the longitudinal length of each of the 
long slots 18b and 18c is set to a fongltudlnal length n 
(V2), where n is preferably a natural nunnber equal to 
or greater than 1 , and further, n is more preferably a nat- 
ural number equal to or greater than Z However, if n is 
set to a large number, for example, In excess of 4 to the so 
length of the object 13 to be processed, the attenuation 
of microwave electric fields becomes larger in the longi- 
tudinal directton of the long sbts 18b and 18c. 

The distributron of the electric field intensities of the 
microwaves radiated from sk3ts of a longitudinal length 
CD given by the tong stots IBb and IBc is shown by a 
solkJ line of Fig. 3, wherein the magnitudes of the strong 
portion and the weak portton of the electric field Intensi- 
ties are reduced so that substantially a constant electric 
field intensity can be oblained. It is noted that broken ^ 
lines 301 and 302 in Fig. 3 show distributions of the elec- 
tric flekd intensities of the microwaves radiated from the 
long slots 18b and lBc, respectively. Further, In the 
present prefen-ed embodiment using the tenninating unit 

1 9 which can adjust the Impedance, the microwave re- 4S 
fleeted by the terminating unit ig can be also introduced 

to the plasma chamber 7. Thus, a greater electric fieM 
intensity can be obtained as compared with that of the 
prior art apparatus using the terminating unit 9 which is 
a dummy kaad. Accordingly, the electric field Intensity of so 
the mcrowaves can be improved. Consequently, a plas- 
ma with more uniformity and higher density can be gen- 
erated. Furthermore, Ihe use efficiency of the microwave 
power can be Improved as compared with that of the prtor 
art apparatus. ss 



<Second Prefen'ed eml3odiment> 

Fig. 4 is a general constructton view of a plasma 
processing apparatus showing a second preferred em- 
bodiment according to the prssont invention. Fig. 5 is a 
cross-secttonal view taken atong a line I - 1' of Fig. 4. In 
Fig. 4, there are shown the foltowlngs: 

(a) microwave power supplies 1 and 1'; 

(b) isolators 2 and 2*; 

(c) comer rectangular waveguides 3 and 3'; 

(d) directional couplers 4 and 4'; 

(e) automatic impedance nnatching devices 5 and 5'; 
and 

(f) a plasma chamber 7, 

wherein these components are constructed in a 
manner similar to that shown In Figs. 1 and 40. Further, 
there are shown are the lolbwings: 

(g) terminating units 1 9 and. 1 9*; 

(h) rectangular waveguides 28 and 28' each pro- 
vided for coupling with the plasma chamber 7, 

wherein the rectangular waveguides 28 and 28' 
have long slots 28b and 28b', respectively. Furthemrwro, 
Fig. 5 Is simiiar to Fig. 41, except the rectangular 
waveguides 28 and 28'. In Figs. 4 and 5, the components 
similar to those shown in the above-menttoned Figures 
are designated by the same nunnerals as those therein. 

Referring to Fig. 4, the.mterowave power supply 1', 
the isolator 2*, the corner rectangular wavegukJe 3^, the 
directional coupler 4', the automaVic impedance match- 
ing device 5*. the rectangular waveguide 28', and the ter- 
minating unit 19' are connected in series, in a manner 
similar to that of the microwave power supply 1 , the Iso- 
faior 2, the comer rectangular waveguide 3, the dlrec- 
tbnal coupler 4, the automatic impedance matching de- 
vk:e 5, the rectangular wavegukiie 28, and the terminat- 
ing unit 19. 

The rectangular waveguMes 28 and 28' are respec- 
tively arranged so as to be juxtaposed and have long 
slots 26b and 28b' provided in the E-planes 28a and 28a' 
of the rectangular waveguides 28 and 28* along the 
waveguKie-axis directton. The ksng skits 2Bb and 2Bb* 
are located so as to be shifted from each other In the 
waveguide-axis direction of the rectangular waveguides 
28 and 28' by 1/4 or 3/4 of a free-space wavelength Xq 
of the microwave, and in parallel to each other with an 
appropriate spacing. Further, to one end of the rectan- 
gular waveguides 28 end 28' are connected, the mk:ro- 
wave power supplies 1 and 1 ', the isolators 2 and 2*, the 
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comer rectangubr wavegurdee 3 and 3', ths directional 
couplerB 4 and 4\ the automatic impedance matcliing 
devicGS 5 and 5' providad symmatncal with respect to 
the line I - i' so that the microwaves propagating within 
the rectanguiar waveguides 28 and 28' are supplied in 6 
directbns different from e^ other and parallel to each 
other. That Is, the rectangular waveguide 26 has a ml- 
crcfwava supplied thereto from the left side end portion 
of Fig. 4, while the rectangular waveguide 28' has a mi- 
crowave supplied thereto from the right-side end portion to 
of Fig. 4. 

in the plasma processing apparatus of the present 
prefered embodimsnt, the distributron of the electric 
field irrtensity of the microwave radiated from the long 
slot 2Bb is shown by the pattem of Fig. 43. while the die- 
tribution of the electric field Intensity of the microwave 
radiated from the long slot 28b' has a pattern reverse to 
that shown in Fig. 43. Therefore, by shifting the long slots 
28b and 28b' by a longitudinal length of 1/4 or 3/4 of the 
free-space wavelength Xq of the microwave, two electric ^ 
field intensities of the microwaves are combined or syn- 
thesized so that strong portions and weak portions of 
electric field intensities are superimposed on each other 
as that in the first preferred embodiment 

In the plasma processing apparatus of the present ^ 
preferred embodiment, the distributbn of the electric 
field intensities of the microwaves radiated from the long 
slots 28b and 28b' is siiown by a solid line of Fig. 6, so 
that the distribution of the electric field intensity of the 
combined microwave becomes more uniform over the ^ 
entire longitudinal length of the long slots. Thus, the uni- 
fomnity thereof is further improved. It is noted that broi^en 
lines 31 1 and 31 2 In Fig. 6 represent the distributions of 
the eieclric field intensities of the microwaves radiated 
from the long slots 28b and 28b', respectively. 3S 

<Third Prefered Bmbodiment> 

Fig. 7 is a general construction view of a plasma 
processing apparatus showing a third preferred embod- 40 
iment according to the present invention. The third pre- 
ferred embodiment is arranged in a manner similar to 
thai shown in Fig 5 showing the second preferred em- 
bodiment, except that two rectangular waveguides 38 
and 38' each provided for coupling with the plasma 
chamber?, wherein the rectangular waveguides 38 and 
38' have slot arrays 60b and 80b', respectively, in Fig. 7, 
the components similar to those shown in Figs. 1 and 4 
are designated by the same numerals as those shown 
in Figs. 1 and 4. so 

Referring to Fig. 8, the slot arrays 80b and 80b' are 
provided on E-planes 38a and 38a' of the rectangular 
waveguides 38 and 38', respectively, along the 
waveguide-axis direction of the rectangular waveguides 
38 and 38', and each of the slot arrays 60b and 60b' Is S5 
made up from a plurality of smail sub-slots QOs each 
fomied so as to extend In the waveguide-axis direction 
of the rectangular waveguides 38 and 38', wherein the 



sub-slots BOs are arrayed in line or aligned in a gathered 
form. The longitudinai length of each sub-slot 808 is set 
to 1/2 of the tree-space wavelength Xq of the microwave, 
and the sub-slots 80s are arrayed at inten/als of 1/2 of 
the guide wavelength Ag of each microwave propagating 
within the rectanguiar waveguides K and 38'. The stot 
arrays 80b and 80b' are positioned so as to be panailel 
to each other with an appropriate spacing and so as to 
be shifted from each other by 1/4 or 3/4 of the tree-space 
wavelength of the mterowave along the 
waveguide-axis direction of the rectangular waveguides 
36 and 38'. In the present prefen^ed embodiment, Xg > 

in the plasma processing apparatus of the present 
preferred embodiment, if center portions of pealcs of the 
voltage standing wave occurring within the rectangular 
waveguides ^ and 38' are brought so as to be each co- 
incident wtth a longitudinal center portion of one sub-slot 
BOs of the slot arrays 80b and 80b' by moving the mov- 
able short-cirouit plates 1 9a and 1 9a' of the temninating 
units 19 and 19' In the wavegulde-axls direction of the 
rectangular waveguides 38 and 38', then the micro- 
waves are radiated toward the plasma chanrtber 7 with a 
higher efficiency from the slot arrays 80b and 80b' and 
besides the peaks of the electric field intensities of the 
microwaves radiated from the sub-slots 80s of the slot 
arrays 80b and 80b' become substantially a constant. 
However, in one slot array 80b or 80b', the eieclric field 
intensities of the microwaves radiated therefrom have 
strong portions and weak portk)n8 alternately every 
halves of the free-space wavelength of the mtero- 
wave. Therefore, by shifting the sbt arrays 80b and 8Db' 
to each other by (1/4)Xg or (3/4)X^,, two eieclric fieteJ in- 
tensities of the microwaves are combined or synthesized 
so that the strong and weak porttons of the-eledrlc field 
intensity of the microwaves are superimposed on each 
other. 

The distributions of the electric field intensities of the 
microwaves radiated from the stot arrays 80b and 80b' 
are shown by broken lines 321 and 322, respectively, In 
Fig. 9. Accordingly, the distributkTns of the electric field 
intensities of the mk:rowaves radiated from slots having 
a iongttudlnal length CD of the two stot arrays 80b and 
80b' become substantially uniform over the entire longi- 
tudinal length of the slot arrays 80b and 60b' as shown 
by soiki lines of Fig. 9. When a plasma is generated by 
using the resulting electric fieM imenslty of the combined 
microwave, the strong porttons and the weak portions of 
the plasma density with respect to the waveguide-axis 
direction of the rectangular waveguides ^ and 38' are 
reduced so that a more uniform plasma can be generat- 
ed. 

<Fourth Preferred embodiment> 

Fig. 10 is a general constructton view of a plasma 
processing apparatus showing a fourth prefen'ed em- 
bodiment according to the present inventton. This pre- 
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f erred embodiment is arranged in a manner similar to 
that ad in Fig. 1 showing tlie first prelerred embodiment, 
except that one rectanguiar waveguide 48 Is provided 
with one slot array 80b. In Fig. 10, the components slm- 
ilarto those in Fig. 1 are designated by the same numer- S 
al9 as those shown in Figs. 1 . 

The slot array 60b used In the present preferred em- 
bodiment is absolutely the same as the sbt array BOb 
shown in Fig, 8. In a manner similar to that of Fig. 8, the 
iongitudinai iength of each eub-siot 808 is set to 1/2 of io 
the free-space waveiength ^ of the microwave, and the 
subplots 80s are arranged at intenrais of 1/2 of the guide 
wavelength Ag of the microwave propagating within the 
rectangular waveguide 48. 

in the piasnna processing apparatus of the present fS 
pref en-ed embodiment, If center portions of peaks of the 
voltage standing wave occurring within the rectangular 
waveguide 48 are brought eo as to be coincident with 
longitudinal center portions of the individual sub-slots 
80s of the slot array 80b by moving the movable short-cir- 
cult plate 19a of the temiinating unit 19 in the 
waveguide-axis direction of the rectangubr waveguide 
48, then the microwave are radiated toward the plasma 
chamber 7 with a higher efficiency from the eiol array 80b 
and besides, peaks of the electric field intensity of the 2S 
microwave radiated from the sub-slots 80s of the slot ar- 
ray 80b become eubstantiaily a constant 

The distribullon of the electric field Intensity of the 
microwave radiated from the slot array BOb is such that, 
as shown by broken lines of Fig. 1 1 , strong portions and ^ 
weak porttons of electric field intensities of the mtero- 
waves with respect to the waveguide-axis directkwi of the 
rectanguiar waveguide 48 are reduced over the entire 
longitudinal iength of the slot array BOb. When a plasma 
is generated by using the resultant electric flekl intensity ^ 
of the combined microwave, for example, with a relative- 
ly tow gas pressure, the plasma density distribution be- 
comes a state shown by a solid line of Fig. 11 . Thus, a 
plasma with good unitomnity can be generated despite 
the presence of the strong porttons and the weak por- ^ 
lions of the electric fieki infensities of the microwaves. 

<Flfth Preferred embodimenl> 

Fig. 1 2 Is a general constnjctbn view showing a fifth 
preferred embodiment according to fhe present inven- 
tton, and Fig. 13 is a partly cross-secttonal view taken 
along a line I - 1' of Fig. 12. In Fig. 12, there are shown 
the foliowings: 

so 

(a) a microwave power supply 1 ; 

(b) an isolator 2; 

(c) corner rectangular waveguides 3 and 6; 

(d) a directtonal coupler 4; 



(s) an automatk; impedance matching devtoe S; 

(f) a plasma chamber 7; and 

(g) a terminating unit 1 9. These components are 
arranged in a manner simllarto that in Fig. 1 showing 
the first preferred embodiment. Further, there Is 
shown a rectangular waveguide 58 for coupling with 
the plasma chamber 7 wherein the rectangular 
waveguide 58 has a long slot 58b formed onto an 
E-plano 5Ba of the rectangular waveguide 58. Fur- 
ther, in Fig. 13. there are shown a microwave 
wavegude forming member 26 having a microwave 
waveguide 26a, and a solid dielectric 27 inserted In 
the microwave waveguide 26a. In Figs. 12 and 13, 
the components similar to those siiown In Figs. 1 
and 2 are designated by the same numerals as 
those shown In Figs. 1 and 2. 

in the present prefered embodiment, the mk;ro- 
wave waveguide forming member 26 is composed of a 
good electrical conductor metal such as copper, alumi- 
num or the like, and electrically connects the plasma 
chamber 7 with the rectangular waveguide 58. The cross 
sectton of the microwave waveguide forming rT\ember26 
is formed into a narrow rectangular shape, which Is Wen- 
tical to that of the long sbt 58b. 

Fig. 14 is a partly cross-secttonai view taken along 
a line T - P of Fig. 1 2. Into the microwave wavegukie 26a 
of the mk^rowave waveguide forming member 26, the di- 
electric 27 Of, for example, a rectangular parallelopiped 
shape is inserted, wherein the dielectric 27 is composed 
of a substance whteh does not absab the microwave, 
lor example, which is made of ceramk;8, synthelk: resin 
or the like. By selecting as the dielectric 27 a substance 
that does nol absorb the microwave, a microwave is part- 
ly reflected by the dielectric 27 and the remaining micro- 
wave Is transmitted by the dielectric to reach the window 
7c of the plasma chamber 7. 

in the plasma processing apparatus of the present 
preferred embodiment, by inserting the dielectric 27 on 
the termination side of the rectangular waveguWe 58, 
that is, at a posltton where the mterowave electric field Is 
relatively strong a microwave W2 is reflected by the di- 
electric 27, then the reflected microwave becomes a mi- 
crowave W21, while the remaining mterowave is trans- 
mitted through the dielectrk: 27 so as to become a mi- 
crowave W22. The microwave W21 acts to intensify the 
originally weak portions of the electric fiekj intensity of 
the mterowave within the plasma chamber 7, whereas 
the microwave W22, convsrssly, has bean attenuated so 
as to have a mterowave power less than that of the mi- 
crowave W2, acting to weaken the originally strong por- 
ttens of the electric field intensity of the microwave In the 
plasma chamber 7. This being the case also with the mi- 
crowave W3, a mterowave W31 reflected by the dielec- 
tric 27 Is reflected by the movable short-circuit plate 1 9a. 
and the reflected mterowave is finally, supplied to the 
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plasma diamber 7. On the other hand, a microwave Wd2 
which has passed tti rough the dielectric 27 has been fur* 
ther attenuated so as to have a lass microwave power 
In a manner similar to that of the microwave W22, so that 
the microwave W32 acts to weaken the originally strong s 
portions of the electric field Intensity of the microwave. 

The distribution of the electric field tntenstty of the 
microwave radiated from the long slot 58b is, as shown 
in Fig. 1 5, substantially uniform along the longitudinal di- 
rection of the plasma chamber 7, so that the uniformity io 
of the distribution of the electric field intensity of the mi- 
crowave is further improved. Thus, a plasma with a high- 
er density can be generated. 

Dielectrics 27a and 27b shown in Figs. 16 and 17 
are nxxirficatior^s in the shape of the dielectric 27, and is 
are designed for attaining more uniformity of the distri- 
bution of the electric field intensity of the microwave by 
gradually reducing the thickness of each of the dielec- 
trics 27a and 27b over a range or area from the strong 
portions to the weak portrons of the electric field intensity ^ 
of the microwave. That is, in the case of Fig. 16, the 
croBS-sectional shape of the dielectric 27a has a width 
LI a on the rectangular waveguide 58 side, a width LI 
(> LI a) on the plasma chamber 7 side, and a thksknees 
L2. Further, in the case of Fig. 17, the cross-sectbnal ^ 
shape of the dielectric 27b has a maximum thickness L2 
(= L2a + l-2b) and a maximum width L1, wherein the 
thickness of the dielectric 27b is changed from 0 to LI In 
a portkxi of thbkness L2a on the rectangular waveguide 
58 side. 30 

A dielectric 27c shown In Fig. 18 is predetennined 
in dimensions, so as to have a width LI and a thk;kness 
L2. The electric field Intensity of the microwave radiated 
into the plasma chamber 7, as shown in Fig. 43, has the 
strong portions and the weak porttons alternating with a ^ 
cycle con'esponding to 1/2 of the free-space wavelength 
Xq of the microwave. Accordingly, by setting the longitu- 
dinal length LI ofthedieleclric27caiong the longitudinal 
dlFBClion of the long slot 58b to n/2 (where n is a natural 
number) of the free-space wavelength of the mtoro- 40 
wave, a better matching with the space on the plasma 
chamber 7 side can be obtained. Thus, the supply effi- 
ciency of the microwave Is enhanced while the distur- 
bance of the electric Held intensities of the microwave 
radiated Into the plasma chamber 7 can be minimized. 4S 

Further, I>a8ed on Fig. 1 9, which shows the relatk)n- 
shlp between the thickness L2 and the microwave trans- 
mittance coefficient of the dielectric 27c, if the microwave 
transmittance coefficient of the dielectric 27c is adjusted 
by Increasing or decreasing the lnsertk>n lengtii L2 of the so 
dielectric 27c into the mbrowave waveguide 26a over a 
range or area from the strong portton to the weak portion 
of the electric field intensity of the microwave, then the 
distribution of the electric field Intensity of the microwave 
along the longitudinal direction of the plasma chamber 7 ss 
can be enhanced in unifonnity. That is, the insertk)n 
length L2 Is selectively set so that the transmittance co- 
efficient of the dielectric 27c is reduced at regbns where 



the electric field intensity of the mterowave is relatively 
higher, while the transmittance coeffk:ient of the dielec- 
tric 27c Is increased at regkxis where the electric fieki 
Intensity of the microwave is relatively tower. In other 
words, the insertion length L2 is set by adjusting the 
transmittance coefftelent of the dielectric 27c so thai a 
uniform field distribution can be attained along the longi- 
tudinal direction of the plasma chamber 7. 

In order that the reflectton of the mkrowave by the 
dielectrics 27, 27a, 27b and 27c is increased, a sub- 
stance having a large dielectric constant f^ioy 
lected for those dielectrics 27, 27a, 27b and 27c since 
the characteristic impedance in a dielectric medium de- 
pends on the dielectric constant thereof and is 1/(er) 
1/2 times the value in vacuum. In this case, for example, 
a dielectric materia] such asceramk:s, alumina or the like 
may be used. 

On the other hand, in order that tiie reflection of tiie 
mk:rowaves by the dielectrk:s 27, 27a, 27b and 27c is 
decreased, a substance having a small dielectric con- 
stant may be selected for those dielectrics 27, 27a, 
27b and 27c. For example, a synthetic resin such as pol- 
yethylene or teflon may be used as the dielectrics. There 
is such an advantageous effect that synthetic resins are 
easy to process so that an arbitrary shape can be ob- 
tained. 

<Sixth Preferred embodiment> 

Fig. 20 Is a general constnjctton view showing a 
sixth preferred embodiment according to the present in- 
vention. Fig. 21 is a partly cross-sect k^nal view taken 
along a line T - T of Fig. 20. In Fig. 20, there are shown 
the folbwings: 

(a) a microwave power supply 1 ; 

(b) an isolator 2; 

(c) comer rectangular wavegukJes 3 and 6; 

(d) a directional coupler 4; 

(a) an automatic impedance matching device 5; 
(0 a plasma chamber 7; 

(g) a rectangu^r waveguide 58 for coupling with the 
plasma chamber 7; and 

(h) a terminating unit 19. These components are 
arranged in a manner similar to that shown In Fig. 
12 showing the fifth preferred embodiment. Further, 
tiiere Is shown in Fig. 20. a short<lrcuit plate driving 
unit 91 for driving a movable short-circuit plate 19a 
into reciprocating movement in the waveguide-axis 
dlredton of the rectangular waveguide 58. 
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The short-circuit plats driving unit 91 connprisBS a 
disc 91a supported by a shaft 110 at the center of the 
disc 91 a and rotated in a rotational direction of arrow 1 00 
by a stepping niotor or the like, and a drive bar 91 b whose 
one end is supported by a shaft 1 11 so that the drive bar 5 
91b can be rotated about a peripheral end portion of the 
disc 9 1 a away from the center thereof, whereas another 
end of the drive bar 91 b is connected to the center portion 
of the movable short-circuit pfate 1 9a. By controlling the 
rotation of the stepping motor, that is, the rotation of the io 
disc 91a from external by a personal computer (not 
shown), the movable short-circuit plate 19a can be re- 
ciprocatffigly moved automatically and yet periodically or 
non-periodlcaily along the waveguide-axls direction of 
the rectangular waveguide 58, as indicated by arrow 
200. 

In the plasma processing apparatus of the present 
preferred embodiment, as shown In Rg. 21 , as the mcv- 
able short-circuit plate 19a Is moved along the 
waveguide-axis direction of the rectangular waveguide 20 
56, the standing wave occurring within the rectangular 
waveguide 58 also changes depending on the move- 
ment of the movable short-circuit plate 19a. Therefbre, 
the standing wave changes as Wl , W2, W3, W2, W1, 
W2, W3, ... when reciprocatingly moving the movable ^ 
short-circuit plate 19a along the wavegulde-axis direc- 
tion. In Fig. 21, the standing wave Wl is shown by a 
one-dot chain line, the.standing wave W2 is shown by a 
broken line, and the standing wave W3 is shown by a 
solid line. In the present preferred embodiment, by mov- ^ 
Ing the strong poriiorrs of the electric field intensity of the 
microwave radiated from the long slot 5Bb back and forih 
along the waveguide-axis direction of the rectangular 
waveguide 58, the plasma can be radiated apparently 
substamially uniformly to the Indlvkiual sections of the 3S 
object 13 to be processed. 

The plasma density distributbn due to the electric 
field intensity of the microwave radiated from the tong 
slot 5Bb is, as shown by a solid line of Fig. 22, more uni- 
tonm along the longitudinal direction of the plasma cham- ^ 
ber 7. it is noted thai the broken lines shown in Fig. 22 
represent plasma density distributions at timings t1 arxJ 
12. 

In the present prefen-ed embodiment, it is preferably 
to set the moving distance of the movable short-circuit 45 
plate 1 9a to at least approximately ^/2 of the guide wave- 
length ^ of the rectangular wavegukfe 58, and so as to 
move the movable short-circuit plate 19a continuously 
over the distance thereof. It Is preferably to set the mov- 
ing cycle of the movable short-circuit plate 1 9a to a pe- so 
riod, for example, not more than 1/10 of the processing 
time of the sheet-shaped object 1 3 to be processed. 

<Seventh Preferred embodiment> 

55 

Fig. 23, showing a seventh preferred embodiment 
according to the present inventton, is a partly cross-sec- 
tk)nal view taken along the line I - r of Fig. 12 showing 



the fifth preferred embodiment. Fig. 24 is a cross-sec- 
Ikvial view taken akxig a line equivalent to the line T - T 
of Rg. 1 2. In Figs. 23 and 24, there are shown a movable 
slot plate 22, bearings 23a and 23b, flexible conductors 
24a, 24b, 24g and 24d, and a slot plate driving unit 92 
tor driving the movable slot plate 22. In Figs. 23 and 24, 
the components similar to those shown In Figs. 12 and 
1 3 are designated by the same numerals as those shown 
In Figs. 12 and 13. 

The movable s\o\ plate 22 is composed 0I a good 
electrical conductor metal such as aluminum, copper, 
stainless or the like, and is provided in a space between 
the long slot 58b and the microwave transmitting window 
11 In such a way that the movable slot plate 22 can be 
moved along the waveguide-axis dire<^ion of the rectan- 
gular waveguWe 58 periodteally or non-perfodteally by 
the bearings 23a and 23b arranged above and below the 
movable slot plate 22 and the flexible conductors 24a. 
24b, 24c and 24d arranged on sMe faces of the nnovable 
sbt plate 22. In the nnovable slot plate 22, a rectangular 
opening 22a whose length abng the waveguide-axis di- 
rectbn of the rectangular waveguide 58 is, for example, 
V2 Shorter than the longitudinal length of the tong stot 
58b and whose width is equal to the width of the long skTt 
58b is provided, wherein the tong slot 58b, the micro- 
wave waveguide 26a, and the opening 22a form a 
waveguide by which the microwave propagates from the 
rectangular waveguWe 58 toward the plasma chamber 
7. Still further, the plasma chamber 7 and the microwave 
wavegutoe forming member 26 are electrically connect- 
ed to each other l3y the flextole conductors 24a, 24b, 24c 
and 24d. Further, the bearings 23a and 23b are provkied 
so that the.movable stot plate 22 can be smoothly moved 
atong the waveguide-axis directton of the rectangular 
wavegutoe 58. In addltton*, the mtorowave waveguide 
forming member 26 electrically connects the plasma 
chamber 7 with the rectangular waveguide 56. 

The slot plate driving unit 92 comprises a disc 92a 
supported by a shaft 110 at the center of the disc 92a 
and rotated in a rotattonal directton of arrow 100 by a 
stepping motor or the like, and a drive bar 92b whose 
one end is supported by a shaft 1 1 1 so that the drive bar 
92b can be rotated about a peripheral end portion of the 
disc 92a away from the center thereof, wherein another 
end of the drive bar92b Is connected to the center portton 
of the rTX}vable slot plate 22. By controlling the rotation 
of the stepping nrrator, that is, the rotation of the disc 92a 
from an extemal personal computer (not shown), the 
movable stot plate 22 can be reciprocatingly moved au- 
tomatically and yet pertodtoaify or non-pertodlcally atong 
the waveguide-axis direction of the rectangular 
waveguide 58, as indicated by arrow 200. 

in the plasma processing apparatus of the present 
preferred embodiment, as shown In Fig. 25, as the mov- 
able stot plate 22 Is rrmed atong the waveguide-axis di- 
rectton of the rectangular waveguide 58, the electric field 
Intensity of the mtorowave radiated from the long slot 58b 
also changes deperxiing on the movement of the mova- 
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ble slot plate 22. ThBrefore, by periodically reciprocate 
ingty moving the movable slot plate 22 in the 
waveguide-axis direction of the rectangular waveguide 
58, the nrKsvable slot plate 22 Is moved so as to be posi- 
tioned at posHbns of a liming t1 , a timing t2, a timing tS, s 

a timing t2, a liming t1 , a timing 12 That Is, by moving 

the strong portbns of the electric field intensity of the mi- 
crowave radiated from the long slot 58b back and forth 
in the waveguide-axis direction of the rectangular 
waveguide 58,. the plasma can be radiated apparently io 
substantially unBonmly to the individual sections of the 
object 13 to be processed. 

The plasma density distribution due to the electric 
field Irrtenslty of the microwave radiated from the long 
slot 58b is, as shown by a solid line of Fig. 22 in the sixth ts 
preferred embodiment, trtore further uniform along the 
longitudinal direction of the plasma chamber 7. 

<Elghth Prefen'ed embodiment> 

20 

Fig. 26, showing an eighth preferred embodiment 
according to the present Invention, is a partly cross-sec- 
tlonal view taken atong the line T - T of Fig. 1 2 showing 
the fifth preferred embodiment, wherein designated by 
numerals 1 0a and 1 0b are magnetic-field generators. ^5 

The magnetic-field generators 10a and 10b each 
comprise an air-core coil connected to a power supply 
(not shown), and are placed around the connecting por- 
\\on between the plasma chamber 7 aid the rectangular 
wavegukJe 58, In such a relatk>nshlp that the center axes 30 

the air-core coils thereof are shifted from each other 
by an angle 9 (rad) so that a magnetic field is generated 
around the microwave transmitting window 11. These 
magnetic-fiekj generators 10a and 10b form divergent 
magnetic-fleki generating means, as will be detailed lat- 3S 
er. 

In the plasma processing apparatus of the present 
preferred embodiment, when currents having different 
phases by go^ from each other and being half -wave-rec- 
tified are supplied to the magnette-flekJ generators 1 0a ^ 
and 10b, there can be obtained an oeciilating magnetic 
fleM whose magnitude Is a constant and whose lines of 
magnetic force continuously change from a solkJ line HI 
to a broken line H2. Then, electrons and ions in the plas- 
ma generated within the plasma chamber 7 are supplied 
to the object 1 3 under constraint by these lines of mag- 
netic force. That Is, by changing the lines of magnetic 
force with time and space, non-uniform plasma can be 
projected in an evenly equal amount of plasma radiation 
onto the object 13 to be processed, and then, the unl- so 
formity of plasma processing can be further improved. 

The plasma density distrlbutton due to the electric 
field intensity of the microwave radiated from the long 
slot 58b Is, as shown by a solki line of Fig. 22 In the sixth 
preferred embodiment, more further uniform atong the ss 
longitudinal direction of the plasma chamber 7. 

The angle 8 formed by the center axes of the mag- 
netk>-fiekigeneratDre 10a and 10b may be preferably set 



to about (X(/2)/d since the inten^al between peaks and 
valleys of the standing wave of the electric field of the 
mbrowave radiated from the long skst 58b to the plasma 
chamber 7 Is V^- '^i this case, d denotes the distance 
from the microwave transmitting window 1 1 to the object 
1 3 to be processed, and ^ Is the free-space wavelength 
of the microwave. 

<Nlnth Preferred embodlment> 

Fig. 27 Is a schematic construction view erf a plasma 
processing apparatus showing a ninth preferred embod- 
iment according to the present inventkin, in which the 
second preferred embodiment and the filth prefen'ed em- 
bodiment are connbined together. 

Referring to Fig. 27, there are shown a plasma 
chamber 7, and rectangu lar wavegu kies 58 and 58' each 
provkiedfor coupling with the plasma chamber 7 wherein 
the rectangular waveguides 58 and 58' have long stots 
58b and 58b', respectively, formed in the E-planes 58a 
and 58a' of the rectangular wavegufctes 58 and SB" so as 
to extend in the waveguide-axis directbn. These long 
stots 58b and 58b' are arranged so as to be parallel to 
each other with an appropriate spacing and so as to be 
shifted in the waveguide-axis direction of the rectangular 
waveguides 58 and 58' from each other by 1/4 or 2/A of 
thef ree-epace wavelength Xq of the microwave. Further, 
the rectangular waveguides 58 and 58' are connected at 
one end thereof to a microwave power supply (not 
shown) so that the mterowave are supplied thereto In dl- 
recttons different from each other and parallel to each 
other, that is, for example as shown in Fig. 27, the mi- 
crowave propagates in a directton from the front side to- 
ward the rear side of the paper sheet of the figure in the 
upper rectangular weveguMe 58, and the other micro- 
wave propagates in the opposite directton in the lower 
rectangu br waveguide 58*. 

Further, the rectangular waveguides 58 and 58' are 
each connected at another end to a terminating unit pro- 
vtoed with a short-circuit plate, as In the second preferred 
embodiment of Fig. 4. Thus, by adjusting the automatic 
Impedance matching devices, which are provWed be- 
tween the rectangular waveguides 58 and 58' and the 
microwave power supply, and the above-mentioned 
short-circuit plate, the mterowave can be supplied to the 
plasma chamber 7 with a higher efficiency. 

A microwave waveguide forming member 36 elec- 
trically connect the rectangular waveguides 58 and 58' 
with the plasma chamber 7, and the cross section of each 
of the mtorowave wavegukiles 36a and 36a' has a narrow 
rectangular shape which is kianttoal to that of the tong 
stots 58b and 58b'. 

Fig. 28 shows a cross-sect tonal view taken along a 
line T1 - TV of Fig. 27, and Fig. 29 shows a cross-sec- 
itonal view taken along a line T2 - T2' of Fig. 27. In the 
present preferred embodiment, solid dielectrics 27 and 
27' are inserted In the mtorowave waveguides 36a and 
36a', respectively, on the tenminatton skie of the rectan- 
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gular waveguide 58 where the radiation field of the mi- 
crowave is relatively strong. 5y selecting as the dielec- 
trics 27 and 27' a substance that does not absorb the 
microwave as described before, the microwave Is partly 
reflected by the dielectrics 27 and 27' and the remaining 5 
microwave Is transmitted through the dielectrics 27 and 
27" so as to reach the window 7c oT the plasma chamber 

7. 

Since the microwave propagates In an Inclined or 
skew direction in the interior of the rectangular io 
waveguides 58 and 58", the radiation field of microwave 
in the plasma chamber 7 results in a distribution showing 
higher intensities on the temiination side of the rectan- 
gular waveguides 56 and 58'. Advantageous effects pro- 
duced by inserting the dielectrics 27 and 27' at positions 
where the electric field Intensity of the microwave Is rel- 
atively strcxig are described below for the upper micro- 
wave waveguide 36a and the lower microwave 
waveguide 35a' separately. 

In the upper microwave wavegu'de 36a, as shown ^ 
In Fig. 2B, a microwave W2 is reflected by the dieleclric 
27, the reflected microwave becomes a microwave W21 , 
while the remaining microwave Is transmitted thn^ugh 
the dielectric 27 so as to become a microwave W22. The 
microwava W21 acts to intensify the originally weak por- 
ttons-of the microwave within the plasma chamber 7, 
whereas the microwave W22, conversely, has been at- 
tenuated to a mterowave power less than that of the mi- 
crowave W2, actoig to weaken the originally strong por- 
ttons of the microwave In the plasma chamber 7. This 30 
being the case also with the microwave W3, a microwave 
W31 reflected by the dielectric 27 is further reflected by 
the movable short-circuit plate piwkJed In the terminat- 
ing portron of the rectangular waveguide 58, and then 
the reflected microwave Is Anally supplied to the plasma 3S 
chamber 7. On the other hand, a microwave W32 trans- 
mitted by the dieleclric 27 has been attenuated to a less 
microwave power, like the microwave W22, so that the 
m icrowave W32 acts to weaken the originally strong por- 
tfons of the microwave. Therefore, the distribution of the ^ 
electric flekj of the microwave radiated into the plasma 
chamber 7 Is a distributton shown by a broken line of Fig. 
30, which Is more uniform than that of when the dielectric 
27 Is not inserted. 

In the tower microwave wavegukie 36a', as shown 4S 
in Fig. 29, a microwave W2' is reflected by the dielectric 
27, the reflected microwave becomes a microwave 
W21', while the remaining microwave is transmitted 
through the dielectric so as to become a microwave 
W22'. The microwave W21 'actsto Intensify the originally so 
weak portions of the microwave within the plasma cham- 
ber 7, whereas the mterowave W22', conversely, has 
been attenuated to a microwave power less than that of 
the microwave W2', acting to weaken the originally 
strong portkms of the microwave, In the plasma chamber ss 
7. This being the case also with the microwave Wd', a 
microwave W31 ' reflecied by the dielectric 27* Is further 
reflected by the movable short-circurt plate provkied In 



the terminating portion of the rectangular wavegukie 58', 
and the reflected microwave Is Anally supplied to the 
plasma chamber 7. On the other hand, the microwave 
W32' transmitted through the dielectric 27* has been at- 
tenuated to a less microwave power, like the microwave 
W22', so that themicrowave acts to weaken theorighally 
strong portions of the microwaves. Therefore, the dlstri- 
butkxi of the electric fleki Intensity of the mterowaves ra- 
diated Into the plasma chamber 7 Is a distribution shown 
by a one-dotted chain line o1 Fig. 30, more uniform than 
that when the dielectric 27' is not inserted. 

Further, since the long sbts 58b and 58b' provided 
In the rectangular waveguides 58 and 58', respectively, 
are shifted In the waveguide-axis directton from each 
other by (1/4)Ao or (3/A)7^, the resultant electric fleld dis- 
tribution of the microwaves Is substantially uniform h the 
waveguide-axis directton as shown by a solid line of Frg. 
30. 

<Tenth Preferred embodimsnt> 

Fig. 31 is a schematic construction view showing a 
tenth preferred embodiment according to the present In- 
vention in which the second prefsn-ed embodiment and 
the eighth preferred embodiment are combined together. 
Rectangular waveguktes 58 and 68', a microwave 
waveguide forming member 36, and a plasma chamber 
7 are arranged in the same way as that In the second 
preferred embodiment, except for magnetic-fleld gener- 
ators designated by 10a and 10b. Figs. 32 and 33 show 
a crcss-sectlcnal view taken along the line T1 - TV of 
Fig. 31 and a cross-sectional view taken along the line 
T2 - T2' Of Fig. 31 , respectively. 

The magnetic-fleti generators 10a and 10b each 
comprise an air-core coll connected to a power supply, 
and are provided so as to surround the microwave 
waveguides 36a and 36a' in such a state that the center 
axes of thealr-corecollsof the magnetic-field generators 
10a and 10b are intersected by each other by 6 (rad). 
For example, when cun^ents having different phases by 
90^ from each other and being half-wave-rectified are 
supplied to the magnetic-field generators 10a and 10b, 
a magnetic fleld whose magnitude Is a constant and 
whose lines of magnetic force continuously change from 
a solid line H1 to-broken line H2, that Is. an oscillating 
magnetic fleld can be devetoped to a space between the 
window 7c of the plasma chamber 7 and the object 13 
to be processed. Electrons and ions in the pbsma gen- 
erated within the plasma chamber 7 are supplied to the 
ok^ect 13 under constraint by these lines of magnetic 
force. That is, by changhg the lines of magnetic force 
with time and space, non-unllorm plasma can be project- 
ed in an evenly equal amount of plasma radiatron onto 
the object 13 to be processed, and then, the unlfomrilty 
of plasma processing can be further inrtproved. 

Taking into cor^sideratkxi the fact that the intend be- 
tween peaks and valleys of radiation electric fleU Inten- 
sities d the microwaves radiated from the long stots 56b 
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and 5Bb' 1o the plaerm chamber 7 is Xq/A, in order that 
high and iow plasma densities due to tlie above-men- 
tioned radiation electric fields o1 the microwaves are 
complemented by each other by the action of osdilatlng 
magnetic fields by means of the magnetic-field genera- 5 
tore 1 0a and 1 0b, the angle 9 (rad) formed by the center 
axes of the magnetic-field generators 10a and 10b is 
preferably set so as to meet the following relational equa- 
tion: 

d9^V2 0). 

where d is the distance from the microwave trans- 
mitting window 11 to the object 1 3 to be processed, and 
Xq is the free-space wavelength of the microwave. 

Referring to Fig. 34, a plasma density distrlbutfon 
due to a microwave radiated from the long slot 58b of the 
upper rectangular waveguide 58 and an oscillating mag- 
netic field Is shown by a broken line, and a plasma den- 
sity distribution due to a microwave radiated from the 
long slot seb' of the lower redangu lar wavegu Ide 56* and 
an oscillating magnetic field is shown by a one -dot chain 
line. Further, a plasma density distribution as a result of 
the present prefen^ed embodiment using the two long 
slots 58b and 58b' is shown by asolid line. As is apparent 
from Fig. 34, a plasma density distribution which Is more 
unifonn along the longitudinal directbn of the plasma 
chamber 7 can be obtained. 

<Eleventh Prefen-ed smbodiment> 

Fig. 35 is a schematic construction view of a plasma 
processing apparatus of an eleventh preferred embodi- 
ment according to the present invention in which the sec- 
ond preferred embodiment, the fifth preferred embodi- 
ment, and the eighth preferred embodiment are com- 
bined together. 

A microwave waveguide tomilng member 36 elec- 
trically connects the rectangubr waveguides 58 and 58' 
with the plasma chamber 7, and the cross section ol each 
of the microwave waveguides 36a and 36a' Is a narrow 
rectangular shape, which is Idenlical to that of the long 
slots 58b and SSb*. 

In the microwave waveguides 36a and 36a', solid 
dielectrics 27 and 27' are Inserted on the termination side 
of the rectangular waveguides 58 and 58\ respectively, 
where the radiation electric field intensities of the micro- 
wave are relatively strong. The dielectrics 27 and 27' are 
constructed and ananged in the same way as that in the 
fifth prefen-ed ennbodlment. 

The magnetic-field generators 10a and 10b each 
comprise an air-core coll connected to a power supply, 
and are provided so as to surround the microwave 
waveguides 3Ga and 36a' such that the center axes of 
the generators 1 0aand 1 0b are Intersected by each oth- 
er by 6 (rad). The magnetic-field generators 1 0a and 1 0b 
are used for attain Ing more unifonmity of the plasma den- 
sity distribution. The principle lor malcing the plasma den- 



sity uniform and the method of setting the angle 0 (rad) 
effective to the uniformity are similar to those in the 
eighth prefen'ed embodiment 

A plasnna density distribution obtained by the 
present preferred embodiment is similar to the distribu- 
tion shown by a solid line ol Fig. 34. Thus, a plasma den- 
sity distribution with a good uniformity can be obtained. 

<"n«elflh Preferred embodlment> 

Fig. 36 is a longitudinal cross-sectional view of a 
plasma chamber 7 and a rectangular waveguide 58 for 
coupling with the plasma chamber 7, showing a twelfth 
preferred embodiment according to the present inven- 
tion, in which the fifth preferred embodiment and the 
eighth preferred embodiment are combined together. 

Refening to Fig. 36, a microwave is introduced to 
the rectangular waveguide 56 from a microwave power 
supply through an isolator, a directional coupler, an au- 
tomatic impedance matching device, and a comer rec- 
tangular waveguide. Further, aterminating unit equipped 
with a nrxTvable short-circuit plate is provided at a termi- 
nating end of the rectangular waveguide 58. A micro- 
wave circuit of this twelfth preferred embodiment has the 
same constitution as that of Fig. 1 showing the first pre- 
ferred embodiment. 

A microwave waveguide lomning member 36 elec- 
trically connects the rectangular waveguide 56 with the 
plasma chamber 7, and the cross section of each of the 
microwave waveguide 36a Is a nan^ow rectangular 
shape, which is identical to that of the long slot 56b. 

Fig. 37 is a cross-sectional view taken along a line 
T - T Of Fig. 36. A solid dielectric 27 Is Inserted into the 
microwave wavegukie 36a at a portion where the radia- 
tton fleki of the mk^rowave radiated toward the plasma 
chamber 7 is relatively strong, that is, on the termination 
side of the rectangu^r waveguide 58. By selecting as 
the dielectric 27 a substance that does not absorb the 
microwave as described before, a microwave is partly 
reflected by the dielectric 27, while the remaining mk:ro- 
wave is transmitted through the dielectric 27 so as to 
reach the window 7c of the plasnna chamber 7. There- 
lore, the dielectric 27 luncttons to Intensify the originally 
weak portions of the microwaves in the plasma chamber 
7 and to weaken the originally strong portions of the mi- 
crowaves. The principle for obtaining a uniform electric 
field intensity distribution of the mterowaves In the plas- 
ma chamber 7 by the insertton of the dielectric 27 is the 
same as that in the fifth prelerred embodiment. 

The nnagnetk:-fleU generators 10a and 10b each 
comprise an air-core coil connected to a power supply, 
and are provided on the outer periphery of the microwave 
waveguide 36a in such a state that the center axes of 
the generators 1 0a and 1 0b are Intersected by each oth- 
er by 9 (rad). For example, when currents having differ- 
ent phases by 90^ from each other and being 
half-wBve-rectifled as predetermined In the eighth pre- 
ferred embodiment are passed through the magnet- 
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ic-fteld generators 10a and 10b, a magnetic field whose 
magnitude is a constant and whose iines of nnagnetic 
force oontinuousiy change from a broken line HI to a bro- 
ken line H2, that Is, an oscillating magnetic fleki can be 
devebped to a space between the window 7c of the plas- 
ma chamber 7 and the object 1 3 to be processed. Elec- 
trons and tons In the plasma generated with In the plasma 
chamber. 7 are supplied to the object 13 under constraint 
by these lines of magnetfc force. That Is, by changing the 
iines of magnetic force with time and space, non-uniform 
plasma can be projected in an evenly equal anrwum of 
plasma radiation onto the object 1 3 to be processed, and 
then the uniformHy of plasma processing can be further 
Improved. 

Fig, 38 shows an electric field intensity o1 a micro- 
wave radiated to the plasma chamber 7. As shown in 
Fig. 38, taking intoconsideratbn the fact that the intenal 
between peaks and valleys of the radiation field of the 
microwave radiated from the long stot 56b lo the plasma 
chamber? is c>rder that high and low plasma den- 
sities due to the above-mentioned radiatton electric fiek:! 
of the microwave are complemented by each other by 
the action of the oscillating magnetic flekJ duetoihe mag- 
netic-field generators 10a and 10b, the angle 9 (rad) 
formed by the center axes of the magnetic-fisid genera- 
tors 10a and 10b Is preferably set so as lo meet the fol- 
lowing relattonal equation: 



(2), 



where d Is the distance from the microwave tnans- 
mitting window 1 1 to the object 1 3 lo be processed, and 
\q is the free-space wavelength of the microwaves. 

By the magnetic fields HI and H2 of Fig. 37. plasma 
density distributbns on the object 13 to be processed 
are shown by the broken line and the one-dot chain line 
of Fig. 39, respectively. Thus, by providing an oscillating 
magnetic field whose lines of magnetic force continuous- 
ly change In direction, the resultant plasma density dis- 
tribution can be leveled as shown by the so\ki line. There- 
fore, a uniform plasma density distribution can be ob- 
tained over the entire range or area of the object 1 3 to 
be processed. 



kxig slots 18b and 16c or 28b and 2db' are provided in 
one rectangular wavegutele 18 or two rectangular 
wavegukles 28 and 26*, respectively. However, the 
present Invention Is not llmlled to this, however, three or 
5 more bng sbts rr^y be provkied. In this case, adjacent 
tong sbts are positioned so as to be shifted from each 
other by {(2n-iy4}^ (where n is a natural number). 

Further, three or nmre rectangular wavegukies may 
be provided. In this case, adjacent long sbts are posh 
10 tbned so as to be shifted from each other by ((2n-1 )/4} 
(where n Is a natural number), and yet a microwave 
power supply, an isolator, a comer rectangular 
wavegukJe, a directbnal coupler, and an aulomalb im- 
pedance matching device are provided so that the ml- 
IS crowaves are supplied to adjacent rectangular 
waveguides In dlredbns different from each other and 
parallel to each other. 

In the third preferred embodlnnent, two rectangular 
waveguides 38 and ^' are provided. However, the 
20 present invention is not limited to this, however, three or 
more rectangular waveguides may be provided. 

In the fourth preferred embodiment, one rectangular 
waveguide 48 Is pnovMed. However, the present inven- 
tbn is rK)t limited to this, however, two or more rectan- 
gular waveguides may be provKied. 

In the ninth to eleventh preferred embodiments, one 
bng sbt is provided in one rectangular waveguide. How- 
ever, the present Invention is not limited to this, however, 
two or more bng sbts may be also provkied in one rec- 
30 tangular wavegukie. Further, In such acase. the number 
erf rectangular wavegukies may be three or more. 

Although the present invention has been fully de- 
scribed In connecttan with the preferred embodiments 
thsraol with reference to the accompanying drawings, it 
3S is to be noted that various changes and modifications 
are apparent to those skilled in the art. Such changes 
and modificatbns are to be understood as included with- 
in the scope of the present invention as defined by the 
appended claims unless they depart therefrom. 

40 

Claims 



<Other Preferred embodiments> 
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In the first preferred embodiment, the microwave is 
supplied to one end of the rectangular waveguide 18. 
However, the present invention is not limited to this, how- 
ever, It may be possible that the tenmlnating unit 1 9 con- 
nected to another end of the rectangular wavegukie 18 ^ 
is remcved and, insicMl of this, another microwave pow- 
er supply Is also connected to another end thereof, and 
then the microwave is supplied to both ends of the rec- 
tangular wavegube 18. In this case, the same tunctbn 
and advarrtagaous effects as those in the second pre- ^ 
fered embodiment can be obtained. 

In the first and second preferred embodiments, two 



A plasma processing apparatus comprising: 

a plasma chamber having a narrow window 
formed in a side wall thereof, an object to be proc- 
essed being provkied inside said narrow window; 

a rectangular waveguide for coupling with said 
plasma chamber, said rectangular wavegube hav- 
ing a long sbt disposed In an E-plane thereof so as 
to oppose to sab r^rrow window of said plasma 
chamber and to extend along a wavegube-axis 
direction of said rectangular wavagu be, said rectan- 
gular waveguide being provbed so that the 
waveguide-exis directbn of said rectangular 
waveguide is parallel to a longitudinal direction of 
said narrow window of sab plasma chamber; and 
microwave power supply means for supplying 
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a microwave to said rectangular waveguide, 

wherein the microwave is radiated from said 
rectangular waveguide to said plasma chamber 
through said long slot, 

said plasma prxx^essing apparatus being char- B 
acterlzed In further comprising 

at least two said long slots disposed In at least 
one eaid rec^ngular waveguide; 

wherein the bngitudinal length of said each 
long slot is set to 1/2 or more of a free-space wave- io 
length of the microwave; and 

wherein said long slots are disposed so as to 
be parallel to each other such that adjacent said long 
slots are shifted from each other by (2n-1 )/4 of the 
free-space wavelength of the microwave in the t5 
waveguide-axis direction of said rectangular 
waveguide, where n is a natural number. 

2. The plasma processing apparatus as claimed In 
Claim 1 , comprising: 20 

at least two said rectangular waveguides each 
having at least one said long slot; and 

further microwave power supp^ means for 
supplying a microwave to another one of said rec- 
tangular waveguides in a direction different from the 
direction of one of said rectangular waveguides 
adjacent to another one of said rectangular 
waveguides. 

3. The plasnui processing apparatus as claimed In 30 
Claim 2, 

wherein each of said long slots is a slot array 
composed of a plurality of sub-slots disposed by 
equally dividing said long slot in the waveguida-axis 
direction of said rectangular waveguide, ^ 

said plasma prcx;esslng apparatus further 
comprising: 

a terminating unit provided at a terminating 
end of said rectangular waveguides and having a 
nfK)vable short-circuit plate provided so as to move ^ 
along the waveguide-axis direction of said rectangu- 
lar waveguide, 

wherein said movable short-circuit plate Is 
positioned so that center portions of peaks of a volt- 
age standing wave generated In said rectangular 
waveguides are coincident with longitudinal center 
portions of said sub-slots, respectively. 

4. The plasma processing apparatus as claimed in 
Claim 1 , further comprising: so 

one said rectangular waveguide having one 
long slot, said long slot being a slot array composed 
of a piural'rty of sub-slcds disposed by equally divid- 
ing said long slot In the waveguide-axis direction 
said rectangular waveguide; and ss 

a terminating unit provided at a terminating 
end of said rectangular waveguide and having a 
movable short-circuit plate provided so as to move 



along the waveguida-axis direction of said rectangu- 
lar waveguide, 

wherein said movable short-circuit plate is 
positbned so that center portions of peaks of a volt- 
age standing wave generated in said rectangular 
waveguide are coincident with longttudinal center 
portions of said sub-slots; respectively. 

5. A plasma processing apparatus comprising: 

a plasma chamber having a narrow window 
disposed in a side wall thereof, an object 1o be proc- 
essed being provided inside said nan-ow window; 

a rectangular waveguide for coupling with said 
plasma chamber, said rectangular waveguide hav- 
ing a long slot disposed in an E-plane thereof so as 
to oppose to said narrow window of said plasma 
chamber and to extend along a waveguide-axis 
dinsdlonor said rectangular waveguide, said rectan- 
gular waveguide being provided so that the 
waveguide-axis direction of said rectangular 
waveguide is parallel to a longitudinal direction of 
said narrow wirtdow of said plasma chamber; and 

microwave power supply means for supplying 
a microwave to said rectangular waveguide, 

wherein the microwave is radiated from the 
rectangular waveguide to said plasma chamber 
through said long slot, 

said plasma processing apparatus being char- 
acterized in that 

a longlludinal length of said long slot Is set to 
^f2 or more of a free-spaco wavelength of the micro- 
wave, 

said plasma processing apparatus further 
comprising: 

a microwave waveguide forming member pro- 
vided between said long slot and said narrow win- 
dow of raid plasma chamber, said microwave 
waveguide forming member having a microwave 
waveguide having a cross section identical to an 
opening shape of said long slot; and 

a dielectric made of a material that does not 
absorb any microwave, said dielectric being Inserted 
into said microwave waveguide at a position near a 
terminating end of said rectangular waveguide along 
the wavegulde-exis direction of said rectangular 
waveguide, said dielectric reflecting a part of the 
microwave and transmitting another part of the 
microwave. 

6. The plasnrra processing apparatus as claimed in 
Claims, 

wherein the length of said dielectric In the lon- 
gitudinal direction of said long slot is set to n/2 of a 
free-space wavelength of the microwave where n Is 
a natural number, and 

wherein an insertion length of said dielectric 
Into said microwave waveguide is set by adjusting a 
microwave transmittance coefTident of said dielec- 
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trie 60 that an electric field IntenGlty o1 the microwave 
along the longltudlna) direction of said plasnia cham- 
ber becomes substantially uniform. 

7. A plasma processing apparatus comprising: 5 

a plasma chamber having a narrow window 
disposed in a side wall thereof, an object to be proc- 
essed being provided inside eaid narrow window. 

a rectangular waveguide for coupling with said 
plasma chamber, said rectangular waveguide hav- io 
Ing a long slot disposed in an E-plane thereof so as 
to oppose to said narrow window of said plasma 
chamber-and to exterxd along a waveguide-axis 
direction of said rectangular waveguide, ^Id rectan- 
gular waveguide being provided so that the 
waveguide-axis direction of said rectangular 
waveguide is parallel to a longitudinal direction of 
said narrow window of said plasma chamber; and 

microwave power supply means lor supplying 
a m icrowave to said rectangular wavegu ide, ^ 

wherein the microwave Is radiated 1rom the 
rectangular waveguide to said plasma chamber 
through said tong slot. 

said plasma processing apparatus being char- 
acterized in that: 2S 

a longitudinal length of said long slot is set 1o 
1/2 or more of a free-space wavelength of the micro- 
wave. 

said plaema processing apparatus further 
comprising: so 

a movable short-circuit plate provided at a ter- 
minating end of sard rectangular waveguide so as 1o 
move along the wavegulde-axis direction of said rec- 
tangular waveguide over a length of 1/2 or mors of 
a guide wavelength of the microwave; and 3S 

movement driving means for moving said 
movable short-circuit plate periodically or non-peri- 
odlcally along the wavegulde^is direction of said 
rectangular waveguide. 
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8. A plasma processing apparatus comprising: 

a plasma chamber having a narrow window 
disposed In a side wall therec^, an object to be proc- 
essed being provided inside said narrow window; 

a rectangular waveguide for coupling with said ^ 
plasma chamber, said rectangu^r waveguide hav- 
ing a long slot disposed In an E-plane thereof so as 
to oppose to said narrow window of said plasma 
chamber and to extend along a waveguide^is 
direction d said rectangular waveguide, said rectan- ^ 
gular waveguide being provided so that the 
WBvegulde-axIs direction of said rectangular 
waveguide is parallel to a longitudinal direction of 
said narrow window of said plasma chamber; and 

microwave power supply means lor supplyhg ss 
a microwave to said rectangular waveguide, 

wherein the microwave is radiated Irom the 
rectangular waveguide to said plasma chamber 



through said long slot, 

said plasma processing apparatus being char- 
acterized In that 

a longitudinal length of said long slot Is set to 
1 /2 or more of a free-space wavelength of the micro- 
wave, said plasma processing apparatus fur- 
ther comprising: 

a HTK^vabie slot plate having an opening having 
a length shorter than a longlludinal length of said 
long slot in the waveguide-axis direction and having 
a width equal to a width of said long slot, said mov- 
able slot plats being disposed in a space between 
said long slot o1 said rectangular waveguide and 
said narrow window of said plasma chamber so as 
to move along the waveguide-axis direction of said 
rectangular waveguide so that said opening 
opposes to said bng slot; and 

movement driving means lor moving said 
movable slot plate periodically or non-periodlcally 
over a length of 1/2 or more of the free-space wave- 
length of the microwave. 

9. A plasma processing apparatus comprising: 

a plasma chamber having a narrow window 
disposed in a side wall thsreol, an object 1o be proc- 
essed being provided inside said narrow window; 

a rectangular waveguide tor coupling with said 
plasma chamber, said rectangular waveguide hav- 
ing a long sbt disposed in an E-plane thereof so as 
to oppose to said nan'ow window of said plasma 
chamber and to extend along a waveguide-axis 
direction of said rectangular waveguide, said rectan- 
gular waveguide being provided so that the 
waveguide-axis directbn of said rectangular 
waveguide Is parallel to a longitudinal direction of 
said nan-ow window of said plasma chamber; and 

microwave power supply means for supplying 
a microwave to said rectangular waveguide, 

wherein the microwave is radiated from the 
rectangular waveguide to said plasma chamber 
through said long slot, 

said plasma processing apparatus being char- 
acterized In that 

a longitudinal length of said long slot is set to 
1/2 or more of a free-space wavelength of the micro- 
wave, 

said plasma processing apparatus further 
comprising: 

magnetic-field generating means for generat- 
ing a magnetic field In a space between said object 
provided in said plasma chamber and said narrow 
window, and for changing a direction and an Inten- 
sity of the generated magnetic field. 

10. The plasma processing apparatus as claimed In 
Claim 2, further connprising: 

at least two microwave waveguide forming 
members provided between each said bng sbt and 
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said narrow window of said plasma chamber and 
having a microwave waveguide having a cross sec- 
tion identical to an opening shape of each said long 
slot; and 

at least two dielsctrics each mads of a material s 
that does not absorb any microwave, and said die- 
lectrics being inserted into said microwave 
waveguides at a position near a tenninating end of 
said rectangular waveguides along the 
waveguide-axis direction of said rectangular 10 
waveguide, said dielectrics reflecting a part of the 
miaowave and transmit another part of the micro- 
wave, 

wherein the length of each said dielectric in the 
longitudinal direction 0I each said long slot is set to 
n/2 of a free-space wavelength of the microwave 
where n is a natural number, and 

wherein an Insertion length of each said die- 
lectric into each said microwave waveguide is set by 
adjusting a microwave transmittance coefficient of ^ 
each said dielectric so that an electric field intensity 
of the microwave along the longitudinal direction of 
said plasma chamber becomes substantially uni- 
form. 

25 

11. The plasma processing apparatus as claimed In 
Claim g, further comprising: 

at least two said rectangular waveguides each 
having at least one said long sbt; and 

further microwave power supply means for 30 
supplying a microwave to another one of said rec- 
tangular waveguides in a direction different from the 
direction of one of said rectangular waveguides 
adjacent to another one of sard rectangular 
waveguides, and 3s 

wherein said long slots are disposed so as to 
be parallel to each other such that adjacent said long 
slots are shitted from each other by (2n-1 )/4 of the 
free-space wavelength of the microwave in the 
waveguide-axis direction of said rectangular ^ 
waveguide, where n is a natural number. 



13. The plasma processing apparatus as claimed in 
Claim 9, further comprising: 

a microwave waveguide forming member pro- 
vided between said long slot and said narrow win- 
dow of said plasma chamber, said microwave 
waveguide forming member having a microwave 
waveguide having a aoss section Identical to an 
opening shape of said long slot; and 

a dielectric made of a material that does not 
absorb any microwave, said dielectric being inserted 
into said microwave waveguide at a position near a 
term inating end of said rectangu iar waveguide along 
the waveguide-axis direction of said rectangular 
waveguide, said dielectric reflecting a |:»rt of the 
microwave and transmitting another part of the 
microwave, 

wherein a length of said dielectric in the longi- 
tudinal direction of said long slot Is set to n/2 of a 
free-space wavelength of the microwave where n Is 
a natural number, and 

wherein an insertion length of said dielectric 
into said microwave waveguide is set by adjusting a 
microwave transmittance coefficient of said dielec- 
tric so that an electric field intensity of the microwave 
along the longitudinal direction of said plasma cham- 
ber becomes substantially uniform. 
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1Z 1 2. The plasma processing apparatus as clalnrwd in 
Claim 11, further comprising: 

a microwave waveguide fomiing member pro- 4S 
vided between said long slot and said narrow win- 
dow of said plasma chamber, said microwave 
waveguide forming member having a microwave 
waveguide having a cross section identical to an 
opening shape of said long slot; and so 

a dielectric made of a material that does not 
absorb any microwave, said dielectric being inserted 
into said microwave waveguide at a positbn near a 
terminating end of said rectangular waveguide along 
tile wavegulde-axis direction of said rectangular ss 
waveguide, said dielectric reflecting a part of the 
microwave and transmitting another part of the 
microwave. 
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Fig.9 



321 By Slot Array 80b 



I 322 By Slot Array 80b' 



Third Preferred Embodiment 




Longitudinal Length of Slot 
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Fig.16 





38 



EP0 702 393 A2 



Fig. 18 
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Fig.23 



Seventh Preferred Embodiment 
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^4 — Electric Field intensity 
of Microwave 
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Fig.38 
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/By Magnetic Field H1 

Twelfth Preferred Embodiment 



I ( 



/ 



By Magnetic Field H2 



Longitudinal Length of Slot 
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